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CHAPTER I 
WINDS AND WEATHER 
CENTRAL AMERICAN REGION 


Prepared by United States Weather Bureau 


General remarks.—The region covered by this summary includes 
Central America and adjacent areas of the Pacific Ocean and the 
Caribbean Sea. All of the region lies between the equator and the 
parallel of 20° north latitude. 

A chain of mountains extends through the interior of Central 
America, ranging in height from 6,000 to 11,000 feet, with intervening 
hills of moderate height and some plateaus at elevations of 3,000 feet 
or more. These elevated lands are of sufficient height to exert 
important effects upon the climate. 

Adjacent areas of the Pacific Ocean and the Caribbean Sea are 
warm with small seasonal variations in temperature, hence the climate 
in coastal sections and over the ocean is tropical. The dominating 
climatic influences are, (1) the seasonal migration of the equatorial 
belt of calms, (2) the northeast trades, and (3) the contrasting tem- 
perature variations over the North American continent which affect 
the general pressure distribution and cause changes in the wind cir- 
culation, especially in the northern portion of the area. At higher 
elevations on the land the climate is temperate but is subject to the 
same influences. 

Tropical cyclones or hurricanes originate at certain seasons over the 
ocean areas both to the eastward and westward of Central America. 
These occasionally influence the weather along the coasts and some- 
times move to the interior but hurricanes which seriously affect this 
area are principally of the type that forms in the Atlantic Ocean and 
moves westward through the Caribbean Sea to the coast of Central 
America. 

The belt of calms and northeast trades.—In February the belt of 
equatorial calms is farthest south and lies along and just south of 5° 
north latitude. This belt extends northward in spring and by May 
it reaches to the Central American coast on the Pacific side, while the 
northeast trades continue to dominate the weather over the western 
Caribbean Sea and on the northeastern coast of Central America. 
The frequency of calms increases in the extreme southwestern Carib- 
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bean Sea after the vernal equinox and reaches a summer maximum 
in June. Practically the whole area is then at least occasionally 
under the influence of the doldrums. 

In late June and in July, the Atlantic high-pressure area increases 
considerably in strength and extent so that the trade-wind system 
again extends over much of Central America. In August and Sep- 
tember the Atlantic “high” retreats and by October the Central 
American coast on the Pacific side is again under the influence of the 
equatorial calms. With the southward movement of the belt of 
calms in November and December, the northeast trades again prevail 
over most of the area under discussion. The trades are steadier and 
stronger on the eastern than on the western coast of Central America. 

The annual variation of pressure at representative stations (fig. I) 
shows the rise of pressure attending strengthening of the Atlantic 
“high” in July. This rise of pressure scarcely reaches as far as Colon. 

Northers.—The norther is any strong northerly wind which blows 
over the Gulf of Mexico, the western Caribbean Sea, and the Pacific 
coastal waters of Central America and southern Mexico during the 
months when strong anticyclones develop over North America and 
move southward, chiefly in late autumn, winter, and early spring. In 
the Pacific the norther is known locally as the ‘“Tehuantepecer” when 
it occurs in the Gulf of Tehuantepec; and as the ‘““Papagayo”’ when it 
blows in the Gulf of Papagayo, on the northwest coast of Costa Rica, 
and in neighboring waters. J 

The norther of American lower waters is usually accompanied by a 
slight to considerable rise in atmospheric pressure and a corresponding 
fall in temperature and percentage of relative humidity. It is often 
preceded by showery conditions, and sometimes accompanied by rain, 
though essentially it is associated with clearing or fair weather condi- 
tions. In force the norther sometimes attains a severity which renders 
it dangerous not only to vessels experiencing it in the open sea and in 
some of the continental harbors, both Atlantic and Pacific, but as 
well, though less frequently, even in north coast harbors of some of 
the islands of the West Indies, and as far to the southward as the 
Isthmus of Panama. 

While northers usually attain their greatest strength and frequency 
during the months November to February, yet conditions favorable 
for their development may occur as early as October and as late as 
April. True northers of the warm weather type, however, are 
probably unknown in the Gulf of Mexico, and northers are very 
infrequently experienced at this time of year on the Pacific side of 
lower Mexico. 

In former years the autumn northers on the east coast of Mexico 
were thought to be part of the wind circulation of tropical cyclones 
then existing in the Gulf, while the Pacific northers were believed to 
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be attendant winds of tropical storms later to appear to the north- 
ward. When the cyclones arrived in the upper Gulf, the northerly 
winds on their western sides were the northers most worthy of partic- 
ular attention. Since many of these hurricanes approached the 
Mexican coast from the eastward, the appearance of a violent norther 
in costal waters was a pretty accurate forerunner of a tropical storm, 
with a violent southerly gale, soon to follow. Today it is not cus- 
tomary to refer meteorologically to the winds in the western quadrants 
of low latitude cyclones as northers. 

It may be reiterated that northers are, fundamentally, cool, dry, 
anticyclonic winds, but they are affected by cyclones that precede 
them in low latitudes. The primary effect in many instances is a 
drawing of Polar air farther southward than would occur if there were 
no such preceding disturbance. In general, the essentials are the 
strong continental high moving southward toward the equatorial belt 
of low pressure or toward a traveling low in the east or south. 

In advance of a norther the belt of cloudiness—which occasionally 
may be a more or less pronounced squall cioud, though commonly a 
more extended cloudy area—is frequently observed on the northern 
horizon. As it advances it is usually accompanied by precipitation, 
though this may be followed shortly by cool, dry winds which burst 
into a gale if the causation is sufficiently pronounced. In the lower 
part of the Gulf heavier and more general as well as longer continued 
rains are likely to occur. 

Preceding the norther over southern waters, there may be a slight 
decrease in pressure, particularly if a depression be crossing the Gulf. 
It is followed by an increase, however, sometimes comparatively 
small, though more likely to be as much as 2 to 6 or more tenths of 
an inch. In the former case the anticyclone has not the energy to 
cause a hard, general sweep of strong winds across a great area of the 
Gulf, but spreads more quietly southward, though with sufficient 
strength to overcome the preceding sultriness and give fine, dry, 
anticyclonic weather, with cloudless skies, and gentle to brisk north- 
erly winds that often blow at their freshest during the afternoon 
hours. In case there is a great pressure change, the high may have 
so powerful a southward sweep as to carry its Polar current and 
rising pressure across the Gulf and thence with reduced energy almost 
to the equator, as in December 1917 , when, during a moderate north 
gale on the 30th, the barometer at the Canal Zone gave the second 
highest reading on record for the month. 

The temperature may also fall to an unusual degree during the 
prevalence of a strong norther in the Gulf, as in the violent norther of 
February 1899 when practically wintry conditions enveloped the 


entire sea as far south as the Isthmus of Tehuantepec and the island 
of Cuba. 
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Northers of the Canal Zone.—A distinction has been drawn between 
the northers and the intensified trades of the Isthmus. Intensified 
trades are really not storms at all, but might be considered as the 
maxima in a normal variation of the trades. They develop slowly and 
very seldom cause any damage but sometimes attain considerable 
force along windward coasts. 

It appears that when a North American anticyclone descends far 
enough equatorially to affect the weather at this low latitude, if the 
trades are blowing at the outset on the Atlantic side of Panama, the 
added result will be an intensified trade. If, however, southerly or 
variable winds are blowing prior to the onset of the high, when the 
change to northerly occurs, usually with squall suddenness, it then 
appears as a truenorther. Both types of northerly winds are generally 
known as northers. 

In the light of this consideration of the northerly winds at the Canal 
Zone, if one attempts to discriminate sharply between the true northers 
and the so-called intensified trades, the former appear to be rare. In 
fact, Chapel enumerates only six that he calls undoubted northers as 
- occurring during the 19-year period, 1908-26, all of which were 
preceded by southerly or variable winds. The dates of these are as 
follows: November 17, 1912; November 24-25, 1917; December 3, 
1910; December 10, 1914; February 9 and April 3-5, 1915. In two of 
these instances wind velocities exceeded 35 knots for a brief time, that 
in November 1917 being 36 knots, from the northwest, and that in 
April 1915 being 40 knots, from the northeast. This last high velocity 
is of peculiar interest because of its showing of a maximum strength as 
a winter-type storm in this low latitude at so late a time in the season. 

There is usually little weather warning of the approach of a norther 
in this neighborhood, and little or no increase in atmospheric pressure 
occurs until the wind is at hand. Almost immediately upon its burst 
the norther is near or at its height of force, and the barometer begins 
to rise. The storm, as it is called, may last only a few hours or for 
2 or 3 days. The periods of intensification of the trades may last 
longer; in 1917 one of them continued for 8 days, from January 27 to 
February 3. 

Increases in the force of the northerly winds sometimes occur there in 
October, but the favorable season is not likely to begin until November 
or December, or a few weeks later than in the Gulf of Mexico. It 
usually ends in March or earlier, but the instance already mentioned 
of the most violent true norther on record for the zone, that of April 
3-6, 1915, shows that the season of possible occurrence in the Tropics 
may be unusually extended. 

Northers of the Gulf of Tehuantepec.—This is a different type of 
norther. Up to this point there has been considered the true norther, 
which is a direct anticyclonic wind, or gradient norther, as it blows 
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over the Guif of Mexico and less frequently in the Caribbean Sea. 
With it has been noted an analogous wind, the intensified trade, of the 
neighborhood of the Canal Zone. The Tehuantepecer 1s a norther 
peculiar to the Gulf of Tehuantepec. It blows strongly in the cooler 
months, during which period it is usually of much more frequent 
occurrence than is the northerly anticyclonic gale of the Gulf of 
Mexico. 

The Tehuantepecer, while resultant from the anticyclone to the 
northward, is in itself only a derivative or overflow norther, despite 
the fact that it is frequently if not commonly a wind of greater force 
than the simultaneously existing true norther of the upper Gulf. In 
fact, it sometimes occurs with gale intensity when the pressure 
gradients to the northward are too slight to cause northers of much 
consequence in the Gulf of Mexico. Its cause is a strong flowing of 
anticyclonic air through the comparatively low and narrow Tehuan- 
tepec pass whence it emerges upon the Pacific slope down which it 
pours violently to the Gulf of Tehuantepec frequently thereafter over- 
spreading the entire gulf and often continuing far southward upon 
the waters of the Pacific. 

As the Tehuantepecer sweeps upon the Gulf it may be accompanied 
by a brief period of light to heavy rain from a preliminary arched 
squall cloud. As this advances, however, it is usually followed by 
quickly clearing skies except for passing cirrus or alto-cumulus forms. 
Upon other occasions the sky over the sea is cloudless throughout, or 
the cloud arch, if any, is raiuless. | 

A barometer change does not always occur, though frequently at 
the outset there is a slight fall, then a slight rise. But if the high 
pressure bank extends unusually far south, the barometer immediately 
below the Isthmus of Tehuantepec may rise appreciably. 

. Temperature changes are often unimportant, though a slight fall 
may be observed, accompanied by lower humidity. As the norther 
flows down to sea level from the low elevations of the Isthmus, it must 
be somewhat warmed adiabatically by descent. Therefore at the 
head of the Gulf there will not be as great a cooling as would occur 
had the wind a level sweep across the Isthmus. ne 

The wind direction may be from west-northwest to east, with north- 
west to northeast as the most common directions. Only occasionally 
is it likely to blow from the east, and that in the lower waters of the 
Gulf of Tehuantepec, or along the western coast, where it may be 
deflected by the neighboring hills. 

During the 12-year period, 1924-35, northers of gale force—8 to 12 
on the Beaufort scale—were reported by seamen in the Gulf of Tehuan- 
tepec on 285 days, in addition to many other days with only moderate 
gales or winds of force 7. Of the entire number more than half 
occurred during November and January. The total number of days 


[8] 


with gales equaling or exceeding force 8 by months—and it cannot be 
supposed that all have been reported—follows: October, 18; Novem- 
ber, 67; December, 50; January, 69; February, 43; March, 21; April, 
16; May, 1. In other months moderate norther gales, that is, of 
force 7, occurred on 3 days in July 1930 and on 1 day in September 
1935. 

Close to one-seventh of these Tehuantepecers have been of the 
higher wind forces, 10 to 12. 

Papagayos of the Central American west coast.—Going southeast- 
ward from the Gulf of Tehuantepec along the Central American west 
coast, the northeasterly Papagayo is sometimes experienced, espe- 
cially in winter and during the prevalence of the Tehuantepecer. 
The name Papagayo is a local but generally accepted one, derived 
from the Gulf of Papagayo, on the upper Costa Rican coast, which is 
close to the southern limit of the wind. The term may be applied 
generally to all north and northeast gales of the norther type which 
occur in coastal waters from the eastern extremity of the Gulf of 
Tehuantepec to lower Costa Rica, and sometimes has been applied 
to all similar winds below Point Guatulco at the western extremity of 
the Gulf of Tehuantepec. 

The Papagayo, like the Tehuantepecer, is primarily a norther, but 
usually of less violence and spread. 

During recent years, specifically from 1924 to 1935, information 
gathered from seamen’s reports indicates that the northeast gales of 
the open-water Papagayo type are more frequent along about latitudes 
9°30’ to 11°00’ N., longitudes 85° to 87° W., than elsewhere off the 
coast below the Gulf of Tehuantepec. During the 12-year period the 
months of principal occurrence here were December to February. 

Tropical cyclones or hurricanes.—The wind system of the hurricane 
is more or less circular. When it passes over a given locality, the 
winds do not begin abruptly, but increase gradually. 

At the outer limits of the hurricane the winds are only moderate 
breezes, though characteristically gusty and fitful. They increase in 
force as the center approaches, though the highest winds are not at 
the exact center but generally from 5 to 15 miles, and sometimes even 
farther, therefrom. Records indicate that these strongest winds often 
reach and, for- 5 minutes or more, maintain velocities of 65 to 100 
knots, and occasionally even 110 to 130 knots, with gusts of still 
greater velocities. The measurement of such winds obviously is at- 
tended with great difficulties. In many instances the anemometers 
have been destroyed by the winds and flying debris, or the towers or 
supports have been blown down before the highest wind occurred. 

At the center of a tropical cyclone there is an area known as the 
“eye of the storm” where there is little or no wind. In this central 
area the sky sometimes clears so that the sun is visible by day and 
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stars by night. The temperature in some cases rises and the air 
becomes drier. At sea the waves in the “eye of the storm”’ commonly 
are described as mountainous and confused. All around this relative 
calm is the encircling wall of hurricane winds, which produce a rum- 
bling or roaring sound. The diameter of the relatively calm center Is 
not the same in all storms and may be as little as 7 miles, or less, but 
is rarely more than 20. It averages about 14 miles. 

When the calm center, or “eye”, of the storm passes over & place, 
the calm is preceded by winds of great violence from one direction and 
is followed by winds nearly equally violent from the opposite direction. 
Thus, if the hurricane approaches from the east, violent winds blow 
first from a northerly direction and, after the passage of the calm 
center, equally violent winds come from a southerly direction. As 
the hurricane approaches, the barometer falls, slowly at first and then 
more rapidly as the tenter draws near. The rate of fall depends upon 
the depth of the barometric depression in the storm and the rate at 
which it approaches. In fully developed hurricanes the barometer 
nearly always falls below 29 inches (sea level), and there are many 
records of readings below 28 inches and a few below 27 inches. 

At the outer limits of the storm, rainfall is in the form of showers. 
As the center approaches, the characteristic squalls of the hurricane 
begin and the showers increase in frequency and intensity. Nearer 
the center the rain is heavy and continuous. Frequently the total 
amount of rainfall which occurs at any one place during the passage 
of a hurricane is quite large. Amounts exceeding 30 inches are not 
uncommon. 

Along the coast toward which the hurricane is advancing the tide 
begins to rise while the storm center is a long distance away. It 
continues to rise as the storm advances, slowly at first, then more 
rapidly. If the observer stands on the shore facing the storm center 
the highest tides will be created on his left and will be highest at and 
somewhat to the left of the point where the center crosses the coast. 
At his right the tides will not be so high, and as the center moves 
inland, the water, driven by offshore winds, may be very low. 

Other things being equal, a storm of large diameter creates higher 
tides on the coast than one of small diameter, and a slow-moving 
storm causes higher tides than one of rapid progress. In each case 
the higher water is due to the greater duration of the drive of the wind 
on the water in the same direction. 

Winds of the hurricane blow around and incline towards the center. 
Their direction in the northern hemisphere is counter-clockwise. The 
‘law of storms’, as enunciated by Buys-Ballot, is that the observer 
standing with his face to the wind will find the storm center on his 
right. Since the winds have some incurvature, the center will be on 
his right and slightly to the rear. 
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On the side of the storm where the direction of the winds is the 
same, roughly, as the progressive movement of the storm, the observer 
experiences higher winds than on the side where the winds and the 
progressive movement are oppositely directed. If the observer faces 
the center of the approaching storm, and the center passes over him, 
the highest winds will occur in his immediate vicinity and at places 
to his left. 

In small hurricanes the diameter of the area of destructive winds 
may not exceed 25 miles, while in some of the greatest the diameter 
may be as much as 400 to 500 miles. 

Premonitory signs of the hurricane.—In the Tropics the weather 
is normally somewhat the same from day to day. The extratropical 
cyclones and the anticyclones, which cause frequent changes in 
weather conditions in higher latitudes, seldom extend their influence 
into the tropical and subtropical regions to any marked degree during 
the season of tropical storms. For that reason the approach of the 
hurricane is sometimes suspected when it is a long distance away 
because of relatively slight changes from the prevailing weather con- 
ditions for the season. 

One of the first definite signs is the sea swell. It appears at sea as 
a long, unbroken wave, with the time interval between crests con- 
siderably longer than it is in waves ordinarily observed. As the 
storm approaches, the seas become heavier and rougher and the tide 
rises above its normal height. In places where the sea cannot be 
observed, one of the first indications is the appearance of cirrus, or 
high feathery clouds, which often seem to converge at a point on the 
horizon. By some observers the point of convergence of high clouds 
on the horizon is considered a reliable indication of the direction in 
which the storm center lies. 

At sunset and sunrise the clouds on the outer border of the hurri- 
cane are highly colored; hence a brilliant red sky is one of the well- 
known signs of an approaching hurricane. 

Figure 2 portrays the track and circulation of wind in two typical 
hurricanes, one approaching British Honduras from the east and the 
other off the Pacific Coast. 

Tropical cyclones of the western Caribbean Sea.—The tropical 
cyclones or hurricanes of the western Caribbean Sea are of two general 
classes. First is the type that develops in the western Caribbean, 
sometimes remaining nearly stationary for a period of 1 to 3 days in 
the form of a system of light to moderate cyclonic wind circulation, 
unsettled weather and slight depression of the barometer. Storms 
of this type form occasionally in May, more often in June and rarely 
in July or August. Later in the season, sometimes toward the end 
of September, and in October, and occasionally in November they 
form in the same area. Storms of the June type usually move 
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northward or northwestward into the Gulf of Mexico. Occasionally 
one touches the northeastern shores of Honduras or passes through 
British Honduras and across Yucatan into the Bay of Campeche. 
They seldom attain marked violence in these early stages, and they 
are not of large diameter as a rule. 

Tropical cyclones that develop in the western Caribbean Sea later 
in the year (most frequently in October) usually move northward 
or northeastward into the eastern Gulf of Mexico or across Cuba 
toward Florida and the Atlantic Ocean. A few have moved west- 
ward across the Caribbean coast of Central America. Though gen- 
erally of only moderate force in low latitudes, they sometimes develop 
marked violence in moving to somewhat higher latitudes and a few 
have become full fledged hurricanes while in the western Caribbean. 

The second and more dangerous type, so far as the eastern shores of 
Central America are concerned, -is the hurricane that comes from the 
Atlantic Ocean, They sometimes reach great intensity in passing 
westward through the Caribbean Sea and if they do not recurve more 
to the northward as is usually the case, these storms may be very 
destructive on the eastern coast of the Yucatan Peninsula. The great 
majority of hurricanes of this type form in August and September. 

Records from 1887 to 1933 include only 33 tropical cyclones that 
have actually crossed the Caribbean coasts of British Honduras, 
Honduras, and Nicaragua. However, many of them have moved on 
very short tracks from place of origin to the coast and have dissipated 
on passing inland, hence it is likely that some of them have not been 
recorded. The monthly frequency of known storms on these coasts is 
shown in table I. 


TABLE I.—Tropzical storms which have crossed the eastern coasts of Central America 
[1887-1933] 
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Tracks of tropical cyclones which have crossed the eastern coasts of 
Central America during the period from 1924 to 1933 inclusive, are 
shown on chart I. 

Tropical cyclones of the eastern North Pacific.—Draw a line south- 
westward from Point Eugenio (27°51’ N., 115°05’ W.) on the coast of 
Lower California to meet the tenth parallel of north latitude, in longi- 
tude 125° west, thence eastward to the Costa Rican coast, and with 
the intermediate land boundary for one side, there 1s inclosed in a rough 
triangle the principal part of the region affected by tropical storms. 
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To be sure, cyclones sometimes form farther to the southward, some- 
times extend their activities farther to the northward and eastward, 
and occur occasionally within a coniparatively narrow belt running 
30° or so to the westward of the meridian given as the western apex of 
the triangle, yet within the boundaries delineated they are exhibited to 
the fullest, and here the most of them have birth, progression, and 
dissolution. 

The summer weather here is usually hot and humid. The normal 
wind circulation is light and more or less unsteady over a great part of 
the area. Calms are frequent in most portions, and conditions are 
ideal for tropical disturbances. 1n coastal localities the rainy season 
begins usually in June, except that it arrives considerably later over 
Lower California than along the coast proper farther to the southward. 
With October, precipitation generally begins to lessen. 

The period of cyclonic occurrence fairly well coincides with that of 
the rainy season. <A very few cyclones occur in May, but in June 
there is an average occurrence of one in about 2 years, with only slight 
increase in cyclone numbers in Julv. In August there is an in- 
crease to an average of about one storm annually. In September, at 
the height of the season, almost twice as many storms occur on the 
average as during all the preceding months, and about two-fifths of the 
annual number occur then, with an average of two per month, as 
compared with the annual average of five. In October the number of 
storms decreases to an average of one annually, and in November only 
two tropical storms were reported during 26 years of unbroken record. 

In this period, 40 percent of the entire number of 132 cyclones 
catalogued have been classed as hurricanes, of which 2 occurred in 
May, 3 in June, 6 in July, 12 in August, 17 in September ,11 in October, 
and 1 in November. 

The usual progressive movement of these cyclones is toward the 
northwest at varying distances off the Mexican coast, but some, origi- 
nating near the tenth parallel, move almost due northward and strike 
the coast in various localities. Those that originate southeast of the 
Gulf of Tehuantepec move first toward west-northwest, as a rule, then 
recurve into northwest. The major number of coastal storms continue 
on to Lower California, and then pass to one side or other of the 
Peninsula. Some, however, enter the Mexican coast to the southward 
of Cape San Lucas (22°52’ N., 109°54’ W.). 

Central American costal waters are not often visited by dangerous 
winds resulting from these storms, since they seldom form close to 
land in these latitudes. Of all the Central American republics, 
Guatemala is most likely to be affected, but only during the initial 
stages of those cyclones that form to the southward and cause heavy 
rains in coastal localities. Most of Central America is more affected 
on both coasts by rains due to tropical disturbances entering from the 
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eastward than from the westward. Those which move inland from 
the Caribbean Sea usually lose force quickly but rains continue as 
the cyclone dissipates. , 

The progressive speed of these cyclones averages much less than in 
most other regions traversed by tropical disturbances. The usual 
rate may be set at 8 to 10 miles per hour, with extreme speeds as low 
as 2 miles an hour and as high as 20. 

The duration of storm and length of track varies from about 2 days 
over a short stretch of sea to 6 or more days along the entire stretch 
of the Mexican coast, disregarding an occasional cyclone that continues 
as a barometric depression into the United States. In the case of the 
storms of briefest known existence, lack of observations due to 
extremely small diameters of storms in regions outside of the regular 
vessel lanes may account for their apparent noncontinuance. 

The diameter of these cyclones is comparable to those that traverse 
the head waters of the Bay of Bengal. They are often narrow, some- 
times less than 50 miles in width over the entire affected area, with an 
extremely narrow zone in which gales occur. Occasionally storms, 
however, especially in the neighborhood of the Revilla Gigedo Islands 
(18°50’ N., 111°00’ W.), have a wide belt of severe storminess, with a 
total affected width of 200 or more miles observed in rare instances. 
No coastal storm has been known to be as large. 

Many of the storms run parallel to, and at a considerable distance 
from, the Mexican coast. At such times all harbors to the eastward 
of the affected region experience a heavy sea swell from the south, with 
light to moderate southeast or east winds. However, the centers of 
northward moving cyclones sometimes lie close to the coast and cause 
much damage as a result of high winds and rise of the sea over adj oining 
lands from Acapulco (16°51’ N., 99°53’ W.) well into the Gulf of 
California. 

Tracks of tropical storms of this region during the period from 1925 
to 1930 inclusive, are shown on chart 2. 

Winds and weather of ocean areas adjoining Central America.—In 
preparing charts 3 to 13, inclusive, more than 150,000 observations 
taken on shipboard during the period from 1880 to 1933 were compiled 
and summarized. The area on the east of Central America is bounded 
by the parallel of 20° north, the meridian of 75° west and the Central 
aid South American coast; the area on the west extends to the 
meridian of 100° west and to the Equator. 

In considering these observations it must be kept in mind that they 
were practically all taken at noon Greenwich time, which is early 
morning in the Central American region. Since there is some diurnal 
variation in weather conditions, especially in winds along the coasts, 
with a tendency toward strengthening of the prevailing winds at that 
hour, when offshore, and a weakening or occasional reversal at that 
time of day in prevailing winds blowing on shore. 
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To illustrate the annual changes in wind, 5 months have been 
chosen for preparation of charts—February, May, July, September, 
and December. 

During the winter months, the belt of calms moves slowly southward 
and the northeast trades extend farther into the Pacific. In the 
Caribbean area the trades diminish slightly in constancy and force 
from December to February. At the end of winter the belt of calms 
is in its southernmost position of the year with variable winds between 
the Equator and the parallel of 5° north latitude. This situation 1s 
shown graphically for February on chart 3. 

On the Caribbean side the force and constancy of the trades do not 
change materially during the spring months. On the Pacific side the 
belt of calms moves northward until May and southerly winds set in 
between the Equator and the parallel of 5° north latitude. These 
winds steadily increase in force and constancy until June. In May 
the belt of calms lies between the parallel of 5° north latitude and the 
Central American coast, with light variable winds prevailing also over 
the Caribbean Sea to the northward of Panama and Costa Rica. 

Usually in June the upbuilding of the Atlantic high has caused a 
perceptible increase in force and constancy of the trades over the 
Caribbean Sea and the eastern part of Central America, while at the 
same time the southerly winds extending across the Equator to or 
somewhat beyond the fifth parallel of north latitude are increasing in 
force. By July the belt of calms has been restricted in extent by this 
increase in strength of the adjacent wind systems. 

By September the trades of the Caribbean area have diminished in 
force and regularity and light variable winds and calms are again 
frequent in the region north of Panama and Costa Rica. The 
southerly and southwesterly winds on the Pacific side have diminished 
in force but continue with much constancy to a line running from 10° 
north at 100° west to 5° north at 80° west. 

With the beginning of winter the trades again increase in force over 
the Caribbean area and extend into the Pacific, where they are likely 
to blow from any direction between northeast and northwest. 

Northwesterly winds prevail through the year in the Gulf of Tehuan- 
tepec but they are evidently a derivative of the northeast trades, as 
they vary in force and constancy simultaneously with the trades of the 
Caribbean area, reaching maxima in winter and again in mid-summer. 

Ship’s observations of cloud amounts, cloud directions, and excep- 
tional visibility are also shown in charts 8 to 13, inclusive, for typical 
months, February and September. The symbol ‘‘v’’ has been 
widely used by mariners to record ‘unusual visibility” without any 
definite standards of observation. The relative conditions of visibility 
in the various parts of the area at Greenwich noon are reflected in 
charts 10 and 11 for February and September. 
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February 
Average Surface Wind Drift. 


Direction, Constancy and Force. 


Secondary Velocity 


<—4 Indicates prevailing direction of secondary winds. The direction of 
secondary winds is shown below primary wind arrows in squares 
where the secondary winds differ more than ninety degrees in direc- 
tion from the primary winds and approach them in frequency. 
Direction and Frequency. 
The arrows fly with the wind. 
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Chart 6. September 
Average Surface Wind Drift. 


Direction, Constancy and Force. 
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Average Cloudiness. 
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Fog is rare over the ocean in this area. The frequency of fog on 
land is shown in some of the meteorological tables for the specific 
localities. Gales are usually connected with tropical storms or 
northers, which have been treated elsewhere. However, strong winds 
and gales occur occasionally over restricted areas as accompaniments 
of thunderstorms of the more violent type. 

Upper air winds over Central America.—The upper air wind data 
presented herewith are based on a 5-year record (1928-32) of pilot 
balloon observations made at Managua, Nicaragua, and Coco Solo, 
Canal Zone, respectively. 

On the basis of monthly characteristics as evident from the original 
tabulation of the data, the year has been divided into a summer 
season, including the months of June to November, inclusive, and a 
winter season including the remaining months of December to May. 

Data are shown for the levels: Surface, 1,600, 3,300, 6,600, 9,800, 
and 13,100 feet above the surface. All wind velocities are given in 
knots and directions to 16 compass points. Wind roses and resultant 
winds are shown graphically on chart 14 and the percentage frequency 
of different velocities are shown in tabular form on pages 30-37. 

Wind roses.—As this area lies between 7° and 18° north latitude 
the northeast trades are the dominant factor in the prevailing upper 
air winds, especially in the northern part of the area. Over the 
southern portion of the area, however, the northward movement of 
the “Doldrums” during the summer months results in a marked 
increase in the frequency of southerly and westerly winds in the lower 
levels as shown by the records at Coco Solo. The Managua records 
also show a similar condition but to a much less extent. For example, 
during the summer season, the percentage of winds at 1,600 feet 
having easterly (NNE. to SSE.+}% N.+S.) and westerly (NNW. to, 
SSW.+1 N.+S.) components, respectively, are 49 and 51 for Coco 
Solo and 89 and 11 for Managua. At Managua the prevailing winds 
during both seasons shift from ESE. at the surface to ENE. at 1,600 
feet and remain in that direction up to about 13,000 feet where there 
is a shift again to E. At Coco Solo the prevailing direction at the 
surface is SE. during the summer season and N NE. during the winter 
season. At 1,600 and 3,300 feet the prevailing directions are NNE. 
during both seasons shifting at 6,600 feet to ENE. and E. during the 
summer season and to NE. during the winter season. At 9,800 feet 
the prevailing direction is E. during the summer season and NE. 
during the winter season while at 13,000 feet it is E. during both 
seasons. The consistency with which the winds blow from the pre- 
vailing directions are shown in table 2 in which are given the total 
percentage frequencies of winds from the three adjacent directions 
having the highest percentage frequency of occurrence. 
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Chart 10. February 
Exceptional Visibility. 
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Chart 12. ; February 
Direction of Middle Cloud Movement. 
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Chart 13. September 
Direction of Middle Cloud Movement. 
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TABLE 2.—Total percentage frequency of winds from the 3 adjacent prevatling 


directions 

COCO SOLO 
Re aN I mer rs ene Se 

Surface 1,600 feet 3,300 feet 6,600 feet 9,800 feet 13,100 feet 
Summer: 

Pbsetion-ca-{ HE ee bt \ oe Nis (ce E. ESE. ESE. 
Percent.....a.. 30 33 42 50 53 48 
bbe ceat N.-NNE N.-NNE N.-NNE N.-NNE NNE.-NE.- NE.-ENE.- 
Direction .-..- { NE. oS Nth “NE. =" NE. ENE. E. 
Percent_------ 68 81 78 54 47 40 


1 ad EE: ee ai a a os AD Rees Soll nce MANNY dra Saale socio Sree TS SETS 


MANAGUA 
Dials MRT Ca PE ES EE ORI a Cs Te a ee Sle 
Summer: 

didi’. -ESE.- -ENE.- | NE.-ENE.- | NE.-ENE.-| ENE.-E.- ENE.-E.- 
Direction. ---- { 7 RE. habe E. E. E. ESE. ESE. 
Percent.__.---- 66 80 81 a 61 56 

pace E.-ESE ENE--E.- | NE.-ENE.- | NE.-ENE.- | NE.-ENE ENE.-E 
Direction.....|{ B-PASi Te ahem Te ean A er RSE. 
Percent__-_--- 76 91 94 84 54 44 





The increase in the frequency of westerly winds or “‘antitrades’’ is 
apparent at the two highest levels; especially during the winter season. 

Average velocities are, in general, highest from the prevailing 
directions and higher during the winter months than during the 
summer months. Except at the surface the velocities are higher at 
Managua than at Coco Solo. 

Resultant winds.—In computing resultant winds, each individual 
wind observation is considered as a force vector and all observations 
involved are combined by adding these vectors to obtain one value or 
vector which is recorded as the resultant. Resultant winds, therefore, 
when based on a sufficient number of frequent observations, give the 
true mass movement of the atmosphere. 

From table 3, it will be noted that during the summer season, the 
resultant air movement over Coco Solo is comparatively light due to 
variable directions and low velocities obtaining during that season. 
There is, however, a gradual increase in velocity with height. from 1.2 
knots at the surface to 7.2 at 13,000 feet, the direction shifting clock- 
wise from NW. at the surface to ESE. at 13,000 feet. At Managua, 
there is a marked increase in velocity from 3.4 knots at the surface to 
17.5 at 6,600 feet and then a decrease to 8.3 at 13,000 feet; the direction 
shifting from ESE. at the surface to ENE. at the 1,600- and 3,300-foot 
levels, then back to E. at 9,800 feet and ESE. at 13,000 feet. 

During the winter season the velocities at Coco Solo increase from 
8.1 knots at the surface to 14.3 at 1,600 feet, then decrease to 5.3 at 
13,000 feet; the directions shifting clockwise from N. at the surface 
to E. at 13,000 feet. At Managua the resultant directions are E. at 
the surface and again at 13,000 feet and ENE. at the four intermediate 
levels. The velocities increase rapidly from 5.6 knots at the surface 
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Chart 14. MANAGUA, NICA. COCO SOLO, C.Z. 


Surface and Upper Air Wind Roses for Managua, Nicarag SUMMER WINTER SUMMER WINTER 
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DESCRIPTION OF WIND ROSES IN UPPER AIR AND SURFACE CHARTS a 


19 
In Part I, Chart 14 displays roses of average winds in the upper air for specific levels, i.e. surface, B73 S ters 
and various levels in the upper air. These roses are shown in blue, the level indicated by heights Q ™ 
beneath roses. The surface observations in these cases were taken at the same places and times as Gs 
the pilot ballon observations on which upper air wind roses are based. ‘y 1 16 


The arrows fly with the wind and their length, measured on the attached scale, from the outside of 9 6, 600 ft. 
the circle, gives the percentage of times the wind was observed to blow from or near the given point. 6,600 ft. 
The figures at the beginning of the arrows show the average speed in knots. In the center of the 

circles, the upper figures givethe number of observations upon which the roses were constructed 

and the lower figures give the percentage of calms and winds of less than 1 knot. Where the per- 

centage of frequency of the winds was less than 2 percent no arrow is shown. In some instances 

the full length of the arrow could not be shown and the line was therefore, broken and the total 

percentage given between the broken lines, io 14 20 


IS 
Wind Rose at 6,600 Feet.— For example: cy 


19 25 10 
The attached wind rose should be interpreted thus with ref- 819 4 Y 12 


af ie) erence to scale of wind percentages below; In each 100 observations there 
will be found 2 from N, with an average speed of wind from that direc- 9, 800 ft. 
ae tion of 8 knots; 2 from N.N.E., average speed 13 knots; 12 from N.E., 19 
I knots; 38 from E.N.E., 25 knots; 27 from E., 22 knots; 7 from E.S.E., 11 
9 knots; 3 from S.E.,9 knots; 3 from S.S.E., 9 knots; 575 observations; 
6,600 ft. percentage of calms 0. 
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SCALE OF WIND PERCENTAGES 
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to 22.6 at 3,300 feet, then decrease slightly to 21.4 at 6,600 feet and 
then to 10.1 at 9,800 feet and 6.3 at 13,000 feet. 


TABLE 3.—Resultant winds 


[Directions in degrees from N. (N.=360°, E.=90°, S.=180° ete.)] 











SUMMER 
Sa ae ie ee ean ee, ee 
Surface 1,690 feet 3,300 feet 6,600 feet 9,800 feet 13,100 feet 
nD ~” 
; q S G & a A 
Station * od ba S ‘S = — = 
1 ~~ 

col mb 2 iol & 3/8] p StS) wet e El pho eet a, 7 
= = e 5 » > et *® > oe + > = ~~ > = ~ > 
2 5 sien AES 5) ie 3) 8 | 3) Sol ey ace BB emie 3S 5 
Se L wn s co vA 2 °o n o fo) Nn o ° n 2 ° Dn 

= ve" a! —s -~ 3 con Rao] Conall fount Lond _ — 
ov o = x o Q = ree) Q |-s oO Q fea o Q 
QA} > oy [leith yes > i) Eh ley Oi bh ee (od bs ea oO 1A] > oe) 


ee | | Se! 
St a | Se | Ses | cocceeneenes | SUE | qieeeseneectes fl ceaeesceniat | meeekienes | ommmemntewnte | casinos 


° |Knots| No. | ° | Knots| No. | ° |Knots| No. | ° knots| No.| ° |Knots| No.| ° | Knois| No. 
Coco Solo____}321 1. 2}1, 344) 4 2. 811, 198} 40 3.6} 891) 82 5.0} 453] 98 6. 2} 235/108 ees eee | 
Managua. __-|109 3.4} 892] 71! 12.1] 8741 63] 16.9] 821] 75! 17.5 575| 86} 10.4] 4091105 8.3] 294 


eee 











WINTER 
Coco Solo--.-| 11} 8. 1/1, 519) 16] 14. 3/1, 413] 18} 12. 8]/1,007| 27| 7.8] 4451 60] 5.41 206] oa] 5. 3} 119 
Managua-.--|100} 5.6) 971! 76] 17.6] 967] 68} 22.6] 908] 69] 21.4] 648] 75! 10.1| 375/ 841 6.3 218 
























































Average velocities.—In tables 4 and 5, average velocities in knots 
are shown by months and by seasons, respectively. These values 
are obtained simply by dividing the sum of all velocities for each level 
by the corresponding total number of observations and include the 
winds from all directions. 


TABLE 4.— Average velocities (in knots) by months 








COCO SOLO 
Altitude Jan. | Feb. | Mar.| Apr. | May | June} July | Aug. | Sept.| Oct. | Nov.| Dec. 
TAO feet 2 Fe ake 32 SSE 105) ela Veo AN PIL OR 1059 114.4 e200) 10.47 ON Ht palo. 11. 4 
OPS0O feet t= re ees. eB 1029) (210.7. 8.0 9.3 9.5 9.5 | 13.8 | 10.1] 10.9 Sat [LZ 0 10. 7 
6,600 feet2. 222 8. 3: esse 12.4} 11.5 9.9 9.5 8.0 7.6 9.9 8.9 8.2 7.4) 10.3 11.8 
SO VOC oy ees Tere ltde ty tL aeOA We toe) eu lei S| Oot | Se 1 ee) Son | ead TBST 
LOO test). Jo5 a. 4 18. 8 fois. 0 156. 7) 14,9 1102 8.4) 138 | Ob See Be PIL) IR 
Sartare a ee 1S Pika 9.04 8.0 7.25 98.6) G4 | 6.0.) SoG See ReS 9.7 
MANAGUA 
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It will be seen from tables 4 and 5 that in general the lowest velocities 
occur during the months of June and September and the highest 
velocities during the months of December to February, inclusive. 
There is, however, a secondary period of high velocities during July 
and August which is very marked at Managua but only slightly in 
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evidence at Coco Solo. This increase in velocity is apparently due to 
a steepening of the pressure gradient brought about by a general rise 
in pressure to the north and east of this area. (See the diagram on 
p. 5.) Additional evidence indicating that this increase in velocity 
is dependent upon the usual pressure rise to the north during these 
months is found in the fact that the increase failed to show up in 
July 1931 and that an examination of the mean pressures for stations 
to the north and east showed a corresponding failure of the pressure 
to rise during that month. A tabulation of these pressures is given 
in table 6. 


TasueE 5.—Average velocities for the summer (June to November) and winter 
(December to May) seasons : 


Surface 1,600 feet 3,300 feet 6,600 feet 9,800 feet 13,100 feet 


= OO 0G ie = a ee a a ee 
S| a g a S| q g g & a & A 
a S58 Oe 8 Ie Mawes “ol ee Ae pa“) C= We “ad ve Bt 
Coco Solo: 
eS Ee Oe a ee | 6.2] 9.7 1' 9.711589) 851144! 85116511651 9.9) 11.3] 101 
Number of observations_|1, 344 |1, 519 |1,198 |1,413 | 891 |1,007| 453] 4451 235| 206! 111 119 
anagua: 
EAT Sa eae Pree re 4.5] 6.6] 14.2] 184] 19.4] 23.6] 19.8] 23.0] 13.6] 13.8] 12.0] 10.9 


Number of observations_| 892! 971] 874] 967] 821 908 | 575| 648| 409] 375] 294 218 





TaBLe 6.—Mean station pressures for period 1928-32 compared with those for 1931 


re ee ee ee ae 





May June July August ioe le October 

San Juan, P. R.: 

Eee Oto ure Ge er ee 29. 89 | 29.91 | 29.93 | 29.90 | 29. 84 | 29, 83 

hI Rea TIER, SNS RUS 2 29. 84 | 29.90 | 29. 88 | 29. 92 | 29. 84 | 29. 85 
Kingston, Jamaica: 

Oe a, res Snes B 29. 92 | 29.91 | 29.93 | 29.92 | 29. 87 | 29. 86 

SEA Pes Poe ee Taree 29. 87 | 29.91 | 29.90 | 29. 92 | 29. 86 | 29. 85 
Key West, Fla.: 

1926450: Se Tee eet 29.96 | 29.95 | 30.00 | 29.97 | 29. 90 | 29. 94 

beet ee eet ey, Tin 29.93 | 29.97 | 29.95 | 30.01 | 29. 93 | 99, 95 
New Orleans, La.: 

FC toc ae, aon a a 29.94 | 29.91 | 29.96 | 29. 96 | 29. 92 29. 99 

Es RS, oA ie 29. 92 | 29.96 | 29.91 | 30.01 | 29. 96 30. 01 
Galveston, Texas: 

oP cg) | Aen Eee none 29.92 | 29.89 | 29.95 | 29.94 | 29. 91 29. 98 

19205 cote eri tp Te ee) 29. 94 | 29.96 | 29.90 | 30. 00 | 29. 96 30. 00 


Over Central America during this same period the average fluctua- 
tion in monthly mean pressures during the summer months was com- 
paratively small as compared with the stations farther to the north. 
The mean station pressures for San Salvador and Cristobal, Canal 
Zone, are shown in table 7 as an illustration of this fact. 
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TaBLE 7.—Mean station pressures for the period 1928-32, inclusive 








May June July August iia oe ak October 
Pan Palace. 2 oe 27.67 | 27.65 | 27. 67 | 27.68 | 27. 66 | 27. 66 
Cristobeie. 4 ok ue.) 4k 29. 84 | 29. 83 | 29. 82 | 29. 84 | 29. 82 | 29. 82 


It will be noted further from the above tabulation of monthly ve- 
locities that the height at which the maximum velocities occur varies 
from approximately 2,000 feet at Coco Solo to approximately 6,000 
feet at Managua. Above these respective levels the velocities de- 
crease to a minimum at 12,000 or 13,000 feet during the winter months 
at Coco Solo and during all months at Managua. During the summer 
months at Coco Solo, however, the minimum velocities are reached 
_at an altitude of about 3,000 or 4,000 feet. Above these levels of 
minimum velocities there is a gradual increase in velocity with height. 

Velocity frequencies.—In table 8, the percentage frequency of the 
occurrence of different velocities, average velocities for each direction, 
and the number of observations for each level are shown for the two 
stations by seasons. 

From an examination of the total percentages by levels it will be 
seen that for both seasons and all levels light winds of 3 knots or less 
range from 1 to 21 percent at Coco Solo and from 1 to 32 percent at 
Managua. In the next group (4-14 knots) the range is from 40 to 85 
at Coco Solo and from 13 to 92 at Managua. In the velocity group 
of 15 to 28 knots the range at Coco Solo is from 4 at the surface during 
the summer season to 57 at 1,600 feet during the winter season while 
at Managua the range is from 0.2 at the surface during the summer . 
season to 68 at 1,600 feet during the winter season. In the next group 
(29-41 knots) the percentage range is only 0 to 2 at Coco Solo, but 
0-32 at Managua. Winds of more than 41 knots were recorded dur- 
ing this 5-year period only once at Coco Solo but occurred more fre- 
quently at Managua; amounting to 6 percent at 6,600 feet during the 
winter season. 
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Ocean Areas for Surface Meteorological Takes. 
The numbers in each 5° square is the number of the table for that area. 





Chart 20. 
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SEASONAL DISTRIBUTION OF RAINFALL 


The rainfall profiles shown are based on 
average monthly rainfall records in inches 
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CHAPTER II 


WINDS AND WEATHER OF THE WEST INDIAN 
REGION 


Prepared by the United States Weather Bureau 


General remarks.—This summary deals with the winds and weather 
of the West Indies, the north coast of South America, and waters 
adjacent thereto; also Bermuda and the southern tip ae Florida. It 
refers chiefly to pitaatee of land areas except the section in which 
ships’ weather observations are discussed. 

The dominant control of the climate of the West Indies is the 
northeast trade-wind system. However, from May to September, 
inclusive, the trades blow mostly from south of east in the West Indian 
region, and from north of east the remainder of the year. With some 
minor seasonal variations, the trades persist throughout the year and 
there results a marked uniformity of climatic conditions. The prin- 
cipal exceptions to this almost unvarying regimen are: (a) an occa- 
sional tropical cyclone; (b) intrusion of cyclonic and anticyclonic 
influences from the North American continent, chiefly in winter in 
the western and northern parts of the area. 

Barometric pressure.—A subtropical belt of high pressure lies to 
the north and northeast of the West Indies with its center in the 
vicinity of the Azores. At times this belt extends westward to the 
Bermudas, or a separate “high’’ develops there, especially in winter 
but with much less persistence than the Azores “‘high.”” Throughout 
the region, at all seasons, pressure, in the average, decreases from 
northeast or north to southwest or south. 

The distribution of pressure is shown in figure 1 and the annual 
variation at selected stations is shown in chart 1. There is little pres- 
sure variation in the extreme southwest as indicated by the annual 
curve at Colon. In the northwest especially near the North American 
Continent, highest pressure occurs in winter but there is a secondary 
rise in summer with its maximum in July. Also in the southern and 
eastern parts of the West Indies there are two maxima, with July 
pressure about as high as the winter maximum. . 

The July maximum is associated with an important extension of 
the Atlantic “high” with an attendant intensification of the trades 
both surface and aloft. The winter maximum is due to the effect of 
high pressure over North America. 
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The diurnal variation is marked, especially in the south and east, 
where there is seldom any other noticeable change of the barometer 
except in connection with tropical cyclones. A typical barometer 
trace for San Juan is given in figure 2, showing usual diurnal pressure 
variations and also the changes during passage of a tropical storm. 

Temperature.—With the possible exceptions of the northwestern 
Bahamas and western Cuba, which are occasionally invaded by con- 
tinental air masses, chiefly in winter, the climate of the West Indian 
region is distinctly tropical. The temperature is remarkably uniform, 
especially in the eastern and southern parts of the area. 

In the Lesser Antilles, at sea level, the annual temperature is near 
80°; to the west and north it is not quite so high, averaging about 77° 
at Nassau and Habana. This difference is largely due to the intru- 
sion of cool air masses in winter. In the warmer months the tem- 
peratures are as high, or slightly higher in the west and north— 
monthly means, 82° to 83°—but the winter temperatures are lower 
with means of the coolest months 72° at Nassau and Habana and 
about 77° in the Lesser Antilles. 

From this it will be seen that the annual range of temperature is 
small; only about 5° to 10° between the warmest and coolest months 


0 
SJ Trinidad 
Venezuela ‘| 





Figure 1.—Normal pressure over the West Indies and adjacent regions 
(after Fassig). 
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over practically all of the area and only slightly more than 10° in the 
extreme northwest. This stability is of course a result of the domina- 
tion of the trades and the small variations of the sea surface tem- 
peratures, as shown in chart 2. 

The warmest period comes in July or August. in the western part 
of the area but in the east it comes somewhat later, usually in Sep- 
tember in the Windward Islands. The coolest period of the year is 
generally in January or February. On the warmest day of the year 
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Fiacure 2.—Barograph trace at San Juan, Puerto Rico, showing diurnal variation 
of the barometer on August 5 and 6, 1899, and changes during passage of a 
tropical storm, August 7 and 8, 1899. 
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the temperature is usually about 90° to 95°. On the coolest day at 
lower elevations it is generally 60° to 68° except in the northwest 
where an extreme temperature a little below 60° may be expected. 

At higher elevations the temperature is lower, the annual mean 
being about 72° at 1,500 feet and 62° at 5,000 feet. The annual 
range at higher elevation is about the same as at sea level. 

As a factor of much importance so far as personal comfort is con- 
cerned, the high humidity in the West Indies must be mentioned. 
For the region as a whole the average annual percentage of relative 
humidity is 76 percent. In combination with the prevailing high 
temperatures this would be very oppressive if it were not for the de- 
pendable breezes associated with the trades. 

The early spring months have lowest humidities, 72 to 73 percent, 
while the autumn months have the highest, averaging 78 percent for 
the region as a whole. 

In the early morning hours the relative humidity rises to about 85 
or 90 percent; at the warmest time of day it is usually between 60 
and 70 percent. 

In general, the humidity in leeward exposures is a little lower than 
on the windward sides of islands. 

Rainfall.—Naturally the West Indian region is one of plentiful 
rainfall. The trade winds at all seasons bring ample moisture to 
localities that are exposed to the prevailing winds. On coasts and 
lowlands on the leeward sides of the islands, rainfall is as a rule con- 
siderably less than that which occurs on the windward sides, especially 
at higher elevations. An outstanding example is found in Dominica 
where the normal annual rainfall at Roseau on the west coast, eleva- 
tion 25 feet, is 78 inches while the normal annual amount at Shawford, 
3 miles to the northeast, with an elevation of 560 feet, is 185 inches. 
In Jamaica, Mooretown, at high elevation (646 feet) in the east has 
222 inches annually whereas Kingston (110 feet) has only about 32 
inches. 

The topographical influence on the distribution of rainfall in the 
West Indies is so marked that it is difficult to evaluate and describe 
the seasonal variations. On the leeward shores of the larger islands, 
January is as a rule the dry month with the season of light rainfall 
extending from December into February or March, and in some places 
through April. On windward shores and on the smaller islands, 
especially in the Lesser Antilles, March is usually the driest month 
(February is also relatively dry), but with a short season of light 
rainfall. On some windward shores April also is relatively dry. 

In most localities there are two periods of heavier rains, the first 
coming in May or June and the second in September, October, or 
November. The wettest period in autumn is usually October or 


November on windward slopes and September or October to the 
leeward. | 
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In many places a secondary and shorter dry period occurs in mid- 
summer, usually July. The midsummer dry period is most marked 
on the leeward sides of the larger islands. In a few places in Cuba and 
Haiti, July is the driest month of the year and, on the other hand, 
the wettest month is commonly in midsummer at some places in the 
Leeward Islands. 

The relatively small amount of rain received in the Dutch West 
Indies is rather surprising in view of their exposure to moist winds. 
Average annual amounts there range from 17 to 26 inches. May is 
the driest month, averaging about one-half inch, after which rainfall 
increases steadily until November with an average of more than 4 
ae From December to May, steadily diminishing rainfall is the 
rule. 

Very heavy rains occur frequently in the West Indies. Torrential 
rains sometimes accompany tropical storms. Perhaps the heaviest 
annual amounts (sometimes over 300 inches) occur at Mooretown, 
Jamaica. One of the most remarkable records of heavy rainfall is 
that made at Silver Hill and Farm Hill, Jamaica, in November 1909. 
From the 4th to 11th, inclusive, 135 inches fell at Silver Hill and more 
than 120 inches at Farm Hill. The greatest amount in one day was 
38.50 inches at Farm Hill. For the seasonal distribution of rainfall 
at selected stations see chart 3. 

Thunderstorms.—From November to April thunderstorms are 
uncommon on the islands. They are most frequent in late summer 
and early autumn. The average annual number of days with thunder- 
storms is 60 to 100 on the large islands and considerably less on the 
smaller islands, some having only 15 to 20 thunderstorm days. 

Fog.—At low elevations in the southern part of the West Indian 
region, fog is practically unknown. In the northwestern part of the 
area, fog occurs chiefly during the period from January to March, 
inclusive, and then only occasionally. 

Winds.—All of the West Indian region is under the influence of the 
northeast trade wind system throughout practically the entire year. 
Over the eastern islands, the trades blow with great constancy from 
points between east-northeast and east-southeast. In the Bahama 
group, easterly winds are prevalent but with a considerable frequency 
also from the northeast in winter and from the southeast in summer. 
Over the Greater Antilles and the western Caribbean Sea the direction 
of the dominant winds is between north and east all the year, with 
north to northeast winds most often in winter and northeast to east 
and, locally, southeast winds in summer. 

Although the prevailing wind system of this region as a whole is 
simple, there are some seasonal and diurnal changes that should be 
considered. 

The principal seasonal variation is an increase in strengtn of the 
trades in midsummer over most of the area, with lighter winds in spring 
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and autumn, especially at thelatter season in the Caribbean Sea. There 
are also higher average winds in th enorthwestern parts of the area in 
late autumn and winter under the influence of anticyclonic conditions 
on the continent. The pressure changes associated with these wind 
variations are shown in chart 1. 

Diurnal variations in both direction and force of the wind are notice- 
able near the coasts of all except the smaller islands. On windward 
coasts there is an acceleration of the prevailing wind in the late fore- 
noon and early afternoon, while the weakest winds occur just before 
sunrise. On leeward coasts of the larger islands the land and sea 
breezes are well developed, but on the smaller islands there is a 
weakening of the prevailing trade wind by day on the leeward coasts 
and an acceleration there by night. In places where the prevailing 
wind blows on the coast obliquely, there is a diurnal change in direc- 
tion; the wind tends to blow more squarely toward the coast by day 
and parallel to it by night. 

In most localities in the West Indies the strongest breeze of the day 
comes at about 1400 and its velocity is at least two or three times 
that of the early morning breeze in the lull before sunrise. 

The land and sea breeze phenomenon is purely local and is set up 
by the contrasting temperatures between sea and land. Its influence 
does not extend far from land. The trade wind, however, is a deep 
current extending over a vast area; as soon as one proceeds a relatively 
short distance from shore, the trade is found to be the predominant 
wind. 

Northers.—The West Indian region proper is not often affected by 
true northers that accompany strong anticyclones over the United 
States. Even when they do extend into the West Indies their effects 
are appreciable only in the western and northwestern parts of the area. 
The strongest of these overflows of continental air are violent, especi- 
ally along the northern shores of the westernmost islands. 

One of the outstanding northers of record in the West Indies occurred 
in February 1899 in connection with a great anticyclone and cold 
wave over the United States. At Habana it was unusually cold; 
the wind rose to 31 knots, northeast. Along the coast there was 
much damage. A number of houses were washed away. At Santiago 
de Cuba, the norther was the most severe known. The temperature 
fell to 62° F. At San Juan and Kingston the norther was not felt 
appreciably. On the northern coast of Jamaica a Severe norther was 
felt with some damage to small boats. 

Active cyclones sometimes precede northers in low latitudes; they 
are attended by freshening winds from east to south. Preceding the 
norther of February 1899, in the western islands, freshening east winds 


eg reported from the Lesser Antilles but the norther did not reach 
there. 
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. When a tropical cyclone approaches a place from the east increas- 
ing winds from a northerly direction are felt and these winds are some- 
times confused with the true norther. The northerly winds of the 
tropical cyclone are not relative cold or cool air masses from higher 
latitudes unless, as occasionally happens, the tropical cyclone late in 
the season turns to the northeastward and is followed by an anticyclone 
which penetrates to low latitudes. 

In the Florida Straits, the Bahamas, and sometimes southward to 
Jamaica, the arrival of the norther may be foreshadowed by a heavy 
cloud bank on the northern or northwestern horizon and sometimes 
by falling barometer. Upon the arrival of the squall line the barom- 
eter rises rapidly and the wind bursts suddenly from a northerly or 
westerly direction with a force of 7 to 9, after which it may blow 
steadily for a day or two. The precursory signs of the norther are not 
infallible, hence the daily forecasts and occasional warnings broad- 
cast by radio should be secured. 

Extratropical disturbances of the cooler half of the year seldom 
follow each other in rapid succession in low latitudes. Slight winds 
and fine weather usually follow a disturbance. The approach of suc- 
ceeding “lows” from the northward may be indicated by falling 
barometer and increasing wind force. Midwinter gales generally 
commence from the southward, veer around by west, and terminate 
at northwest or north-northwest. When the disturbance originates 
near the Bahamas and moves northward the winds along the Gulf 
Stream may increase while backing from easterly through north to 
northwest or west. | 

Some of the barometric depressions of winter are elongated, generally 
in a northeast to southwest direction, sometimes with a squall line or 
cold front where there is a sudden change of wind to a northwest gale. 
Violent winds are occasionally experienced at the cold front. 

These effects of the extratropical disturbance are rarely felt except 
near Florida and western Cuba and thence northeastward to Bermuda. 

While the disturbances of higher latitudes occasionally affect the 
northwestern part of the West Indian region in winter and less fre- 
quently in spring and autumn, the weather conditions as a rule are 
favorable tor air navigation; April and May are usually the most 
favorable months. ‘The hurricane season is likely to begin in June, 
especially in the western Caribbean Sea. Thereafter, until Novem- 
ber, the hazards of tropical storms exist and, though the chance of 
encountering one at any definite time and place is small, they are 
nevertheless very dangerous storms and every precaution should be 
taken to avoid them. 

West Indies hurricanes.—No part of the West Indian region is 
entirely free from the danger of tropical storms or hurricanes. They 
are more frequent in some sections than others, and there are import- 
ant seasonal changes in frequency and intensity. The average num- 
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ber of tropical storms of sufficient force to be noteworthy is about 7 a 
year in this region. | 

Records of West Indian hurricanes have been compiled for the 
entire period from the time of Columbus to date. The records are 
fragmentary for the early centuries, fairly good for the destructive 
hurricanes of the 19th century, and nearly complete to date in the 
present century. From these extensive records it is possible to arrive 
at a very satisfactory estimate of the probability of hurricane visita- 
tion in any locality in the long run. However, their occurrences are 
not periodic, hence it is not possible to make a satisfactory prediction 
of the storms that will occur in the individual season. 

Nature of the hurricane.—The word “hurricane” is said to be of 
Carib Indian origin, signifying ‘“‘big wind.’”’ Storms of this class are 
identical with the typhoons, cyclones, and baguios of other tropical 
waters. Not all storms of this class are destructive in energy. It is 
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Figure 3.—Track and wind system of a West Indian hurricane. 
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customary to refer to them as tropical disturbances when in mild or 
doubtful stages and as tropical storms or hurricanes when fully 
developed. 

The wind system is circular or nearly so. In the Northern Hemi- 
sphere the winds at the surface blow counter-clockwise around the 
center and incline inward. The diameter of the area covered by the 
entire wind circulation may be anywhere within a range from 25 to 
50 miles up to 400 or 500 miles or even larger. At the outer limits 
of the hurricane the winds are moderate but characteristically gusty. 
The force of the wind increases in intermittent squalls as the center 
approaches. The highest winds are near the center. At the center 
there is usually a region of calm or relative calm, the diameter of 
which may be 5 to 25 miles; it averages about 14 miles. In this 
central area the sky is sometimes clear so that the sun is visible by 
day and the stars by night. 

Progressive movements.—The hurricane has also a progressive 
movement which is small compared with the speed of the winds that 
are directed about its center. The latter sometimes reach speeds of 
100 to 135 knots by actual measurement. However, the wind- 
measuring instruments are wrecked or rendered inoperative in the 
majority of instances when such high winds occur, hence the full 
force of the wind is not definitely known. In any event, the speed 
of the wind in brief gusts, which are the strongest of the hurricane, 
are never accurately measured. Estimates of wind speeds approach- 
ing 200 knots have been made by experienced observers. 

Contrasted with these high wind movements about the central 
area of the hurricane, is its relatively slow progressive movement in 
the tropics, averaging about 12 miles an hour. Many hurricanes 
have moved at slower rates, Some remaining stationary, or nearly so, 
for a day or more. In higher latitudes, many hurricanes move with 
much greater rapidity than in the tropics. 

In low latitudes the movement is nearly always in a westerly direc- 

tion, usually west-northwest or northwest. Upon reaching the par- 
~ allels of 25° to 30° north latitude, many of them recurve and move 
more rapidly in a direction between north and east. The slowest 
movement is quite frequently at the point of recurve. 

As the hurricane passes over, the effect of the progressive move- 
ment is to increase the force of the winds which are directed forward 
in the line of advance and to diminish the force of winds that are 
oppositely directed. If the observer faces the storm center and it 
approaches and passes over, the winds to his left will be stronger 
than the winds to his right, the difference depending upon the rate 
of the storm’s progressive movement in relation to its circulatory rate. 

As the calm or relatively calm center passes over, the winds usually 
abate quickly but begin again with great force from nearly the oppo- 
site direction as the other side of the central region reaches the 
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observer. The shifts of wind will depend upon the exact direction “. 
of storm movement relative to the observer, also his position relative | 


to the exact center, that 1s, whether he passes through the edge or 


near the middle of the central region. 





The most common path is that which has been termed ‘“‘parabolic”’ 
as illustrated by tracks A.1 and A.2 in figure 4. A considerable 
percentage of hurricanes remain in low latitudes and do not recurve 
as shown by tracks B.1 and B.2 in figure 4. 

There have been some very irregular movements of hurricanes; a 
few have described loops, others have followed what might be termed 
a “hairpin” path. An example of the latter is the hurricane of 
October 19 to 26, 1935; it moved northeastward from the Caribbean 
Sea, reached the coast of eastern Cuba and then turned southwest- 
ward across the Caribbean Sea again and went inland over Honduras. 
Not infrequently a hurricane near or south of 25° north latitude, 
moves to the south of west. Progressive movement toward the 
southeast is rare in the West Indian region and when it does occur, 
is of very short duration. 

There is a fairly well marked seasonal variation in hurricane move- 
ment. The June storms of the western Caribbean Sea usually move 
in a direction between west and north while south of 25° north lati- 
tude. In late September, October, and November, the storms of 
this region are more likely to move in a direction between north and 
east, passing through the Yucatan Channel, or over Cuba, Florida 
or the Bahamas. Of the hurricanes that come from the Atlantic 
into the West Indies, the majority continue to move on a northwest 
or west-northwest course in low latitudes except that late in the 
season (October or November) the movement of hurricanes that origi- 
nate east of the West Indies is often toward the north in the Atlantic. 

As an illustration of seasonal differences, the tracks of tropical 
disturbances of June and July, 1924 to 1937, and of October and 
November of the same years are shown in figures 5 and 6, respectfully. 

Tides.—Along the coast toward which the hurricane is advancing 
the tide begins to rise while the storm center is a long distance away. 
It continues to rise as the storm advances, slowly at first, then more 
rapidly. If the observer stands on the shore facing the storm center 
the highest tides will be created on his left and will be highest at and 
somewhat to the left of the point where the center crosses the coast. 
At his right the tide will not be so high, and as the center moves inland 
the water, driven by off-shore winds, may be very low. 

In figure 3 the winds are depicted as they are directed, momen- 
tarily, about the center of a progressing cyclone. As experienced at 
the earth’s surface over which the cyclone passes, the winds are the 
resultants of progressive and cyclonic movements. 

The inundations attending hurricanes and other tropical storms 
have in some instances caused great loss of life and destruction to 
property. In fact, greater loss of life and property damage have 
been directly attributable to water than to the force of the winds. 
Debris from structures wrecked by the waves and carried by the 
hurricane winds and the advancing water batter other buildings to 
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pieces. Few structures can withstand such an onslaught, especially 
when the water undermines the foundations. 

Other things being equal, a storm of large diameter creates higher 
tides on the coast than one of small diameter, and a slow-moving 
storm higher tides than one of rapid progress. In each case the 
higher water is due to the greater duration of the drive of the wind 
on the water in the same direction. 

One of the most disastrous of hurricanes in the present century 
was that of November 9, 1932, at Santa Cruz del Sur, Cuba. The 
hurricane recurved in the Caribbean Sea and its center passed to the 
west of Santa Cruz del Sur, moving almost at right angles to the 
southern coast of Cuba, a condition most favorable for a high storm 
tide. 

Premonitory signs.—In the Tropics the weather is normally some- 
what the same from day to day. The extratropical cyclones and the 
anticyclones, which cause frequent changes in weather conditions in 
higher latitudes, seldom extend their influence into the tropical and 
subtropical regions to any marked degree. For that reason the 
approach of the hurricane is sometimes suspected when it is a long 
distance away because of relatively slight changes from the pre- 
vailing conditions for the season. 

One of the first definite signs is the sea swell. It appears at sea as 
a long, unbroken wave, with the time interval between the crests 
considerably longer than it is in waves ordinarily observed. As the 
storm approaches, the seas become heavier and rougher and the tide 
rises above its normal height. In places where the sea cannot be 
observed, one of the first indications is the appearance of cirrus, or 
high feathery clouds, which often seem to converge at a point on the 
horizon. By some observers the point of convergence of high clouds 
on the horizon is considered a reliable indication of the direction in 
which the storm center lies. 

At sunset and sunrise the clouds on the outer border of the hurri- 
cane are highly colored; hence a brilliant red sky is one of the well- 
known signs of an approaching hurricane. 

Barometric pressure in the hurricane.—Normally, in tropical and 
subtropical regions frequented by West Indian hurricanes, the barom- 
eter reads about 30 inches at sea level. As the hurricane approaches, 
the barometer falls, slowly at first and then more rapidly as the center 
draws near. The rate of fall depends upon the depth of the baro- 
metric depression in the storm and the rate at which it approaches. 
In fully developed hurricanes the barometer nearly always falls below 
29 inches (sea level), and there are many records of readings below 28 
inches. ‘There are a few records of barometric pressure at the center 
of tropical cyclones of about 27 inches, and one instance, the lowest of 
record, on board a ship in a typhoon, as low as 26.19 inches. 
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_ Rainfall in hurricanes.—At the outer limits of the storm, rainfall 
is In the form of showers. As the center approaches, the character- 
istic squalls of the hurricane begin, that is, the showers increase in 
frequency and intensity. Nearer the center the rain is heavy to ex- 
cessive and continuous. Frequently the total amount of rainfall which 
occurs in any one place during the passage of a hurricane is quite 
large. Amounts exceeding 30 inches are not uncommon. 

Frequency and intensity.—There are two principal places of origin 
of West Indian hurricanes—the western Caribbean Sea and the 
Atlantic Ocean just south of the Cape Verde Islands. Not all storms 
have been definitely traced to a point of genesis but observations 
indicate that they occasionally develop also in other parts of the West 
Indian region and the southern North Atlantic Ocean. 

Hurricanes of the western Caribbean in a few instances have 
developed in May, but without reaching full hurricane force. In 
June they are somewhat more common, usually moving toward the 
west, northwest, ornorth. They rarely form in the western Caribbean 
Sea in July or August but by the end of September they are occasionally 
found there. October is the month of greatest frequency of this 
type; some form there in November. 

The hurricanes that come from the Atlantic do not usually occur 
before July. They become more frequent in September and are less 
common in October and November. 

Hurricanes of June are as a rule of only moderate intensity and 
some of them are only minor disturbances. A relatively few have 
developed into major storms. On an average the July hurricanes are 
somewhat more intense. The percentage of hurricanes reaching 
major intensity is greatest in August and somewhat less in September. 
During the first part of October there is a secondary maximum in the 
relative frequency of intense storms, after which there is a rapid 
decline. This secondary maximum may be explained by the in- 
creased activity in the western Caribbean Sea at that time, whereas 
the Atlantic hurricanes are then losing force. 

At any time during the hurricane season there may be minor dis- 
turbances having cyclonic characteristics which do not develop more 
than mild wind systems with unsettled weather. However, all should 
be kept carefully under observation for the first indications of falling 
barometer, rising wind, or increasing sea swells. This is especially 
true of the period from August to the middle of October, when dis- 
turbances sometimes grow in intensity with marked rapidity. 
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Taste 1.—‘ropical storms of the North Atlantic Ocean (including the Gulf of 
Note ang Caribbean Sea) during the period from 1887-19388 
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In figure 7, the tracks of 15 historic storms of the West Indian 
region (including Bermuda and the Florida Keys) are shown. These 
hurricanes with tracks indicated by numbers in the figure, are as follows: 

1. The “Great Hurricane,’ October 10-18, 1780. Several of the 
Lesser Antilles were devastated. Many ships were sunk and more 
than 20,000 lives were reported lost at sea and ashore. 

2. A very destructive storm at Barbados, August 10, 1831. More 
than 1,500 lives were lost and property damage was placed at more 
than $7,000,000. 

3. A severe hurricane at Bermuda, September 11-12, 1839. 

4. Hurricane of large diameter with center at Nassau, 2000, 
October 1, 1866, barometer 27.70 inches. 

5. A severe hurricane on the northern coast of Cuba, September 
4—5, 1888. 

6. One of the greatest hurricanes of record in Puerto Rico, August 8, 
1899. More than 3,000 lives were lost. 

7. A hurricane of great violence in Jamaica, November 18, 1912. 
The storm moved slowly and the consequent continuance“of violent 
winds resulted in nearly 20,000 houses being destroyed or badly 
damaged. 

8. A severe hurricane in the Isla de Pinos and western Cuba on 
October 19-20, 1926, and at Bermuda on October 22, 1926. 

9. Hurricane of extraordinary force in Puerto Rico, September 13, 
1928, and in Florida, September 16, 1928. Loss of life in Puerto 
Rico was estimated at 300; in Florida 1,870; property damage in 
Puerto Rico $50,000,000; in Florida $25,000,000. 

10. Hurricane of small diameter and great destructive force at 
Ciudad Trujillo, Dominican Republic, September 3, 1930. Loss of 
life was placed at 2,000, injured persons at 8,000, and property damage 
at $50,000,000. 

11. Small but intense hurricane attended by tidal wave devastated 
Belize, September 10, 1931, causing death of about 1,500 persons and 
property damage estimated at $7,500,000. 

12. Violent hurricane in the Bahamas on September 4-5, 1932. 
This storm was of extraordinary violence at Green Turtle Cay. 


[ 30 ] 


% 


UOLSOI UBIPUT ISAM JO SULIOYS DIAOISIY GT JO SHIVA, *) AUN! 





A 





[31] 


ih 
13. One of Cuba’s major catastrophes resulted from this hurricane 7 


as it crossed the southern coast of the island on November 9, 1932. 
Santa Cruz del Sur was inundated and about 2,500 lives were lost. 
14, Small hurricane, but one of the most intense of record, crossed 
Florida Keys at Matecumbe on September 2, 1939. Lowest pressure 

on the Keys was 26.35 inches. 

15. “Hairpin” hurricane of October 19-26, 1935. Torrential rains 
attending this storm in extreme southern Haiti caused loss of life esti- 
mated from 1,000 to 2,000. Its unusual track included a “‘hairpin turn.” 

In this list no attempt has been made to include all the exceptionally 
violent hurricanes of the West Indian region. There are many others, 
a number of which were more violent than some in this list. In the 
historical accounts, the violence of a hurricane is judged to a large 
extent by property damage and loss of life. It 1s likely that many 
hurricanes of great destructive force have moved inland in sparsely 
settled coastal regions or have been encountered by few ships at sea 
and hence they have received little mention. 

Through United States naval radio stations, the Weather Bureau 
broadcasts frequent advisory and warning bulletins when a tropical 
storm is in progress. The broadcast schedules are contained in H. O. 
Publication 205, Radio Aids to Navigation. From information 
received by radio, the course of the storm may be followed from day 
to day and necessary precautions taken. Nevertheless, the pre- 
cursory signs of hurricanes, as previously described herein, should be 
carefully observed. 

Winds and weather of ocean squares in and adjacent to the West 
Indian region.—In preparing charts 5 to 26, inclusive, of wind and 
weather, 541,227 observations taken on shipboard during the period 
from 1880 to 1933 were compiled and summarized. The area covered 
by the compilation and the total number of ships’ weather observa- 
tions summarized for each 5° square are shown in chart 4. 

In considering these observations it must be kept in mind that 
practically all were taken at noon Greenwich time, which is early 
morning in the West Indian region. Over the open sea, the diurnal 
variation in wind and weather is of much less importance than it is 
over and in the immediate neighborhood of the larger islands. Near 
the coasts of larger islands there is a tendency toward strengthening 
of the prevailing winds during the day in windward exposures with 
diminishing winds or even an occasional reversal at night. The 
opposite is true in lee exposures. 

The annual variation in wind and weather is very satisfactorily por- 
trayed in charts for five months, February, May, July, October, and 
December. The entire region is so markedly under the domination of 
the northeast trade wind system that wind and weather conditions 
are quite stable in comparison with areas to the northward. The five 
months named were chosen as representative for the following reasons: 
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February shows conditions at about the coolest time of year over 
the ocean squares in this region, with the belt of calms on the Pacific 
side at its farthest southward pcsition. The continental anticyclone 
is then well developed and the winds of the northern portion of the 
area are fairly strong. The trades over the Caribbean are well 
developed, at that time averaging about 11 to 12 knots. Owing to the 
influence of pressure changes in higher latitudes, the prevailing winds 
are less dependable in the northern portion than in the Caribbean. 

By May, the winds over the northern portion have diminished in 
average force but blow with greater constancy from the east and east- 
southeast. Wind conditions in the Caribbean are almost unchanged 
except for a tendency to blow more from the eastward and east-south- 
eastward. 

In July the Atlantic anticyclone increases in strength with a con- 
sequent acceleration of the winds in the Caribbean and a greater fre- 
quency from the east-northeast. Between 20° and 25° north latitude, 
there is a further improvement in dependability. 

October has light winds in the Caribbean mostly east and east- 
northeast and with less constancy than in other months. Over the 
northern and northwestern portions of the area, the winds have turned 
to the east-northeast and increased in force owing to the relatively cool 
continental temperatures in comparison with ocean temperatures. 

By December the winter distribution of winds has become estab- 
lished with relatively high velocities in all the squares, attending the 
development of the continental anticyclone. East-northeast winds 
predominate in all squares. 

The conditions described are shown graphically in charts 5 to 9, 
inclusive. 

The distribution of wind forces is shown in percentages by figures 
entered in the 5° squares of charts 10 to 14, inclusive, for February, 
May, July, October, and December. Outstanding features of these 
charts are the high frequency of Beaufort forces 4 to 6 and the rarity 
of forces 7 and higher. 

As an indication of wind drift aloft the observations of middle 
cloud direction are shown in charts 15 and 16. 

The geographical distribution of factors affecting visibility is shown 
on charts 17 to 21, inclusive, for the five representative months. The 
distribution of rain, drizzle, thunderstorms, and squalls is shown on 
charts 22 to 26, inclusive. 

The symbol “‘V’” has been widely used by mariners to record 
“exceptional visibility” without any definite standards of observation. 
Fog is rare and squalls seldom occur except in connection with a 
tropical storm. Thunderstorms are most frequent over and especially 
on the lee sides of the larger islands in the afternoon during the 
warmer months. 
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Cuart 4.—The number of ships’ weather observations surveyed (1880 to 1938) 
to obtain data shown on charts 5 to 26 is indicated by the figures entered at 


the center of each square. The total number for all squares in the area is 
541,227. 
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AVERAGE SURFACE WIND DRIFT DIRECTION, CONSTANCY AND 
FORCE 
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AVERAGE SURFACE WIND DRIFT DIRECTION, CONSTANCY AND 





FORCE—Continued 
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AVERAGE SURFACE WIND DRIFT DIRECTION, CONSTANCY AND 
FORCE—Continued 
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Cuart 9.—Decembher. 
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DISTRIBUTION OF WIND FORCES ‘s 
Charts 10 to 14.—Explanation 
Top or upper figure.—Percentage of the total wind observations which recorded 
calms is shown to whole numbers in each 5° square. 
Second figure.—Percentage of wind observations with Beaufort force 1 to 3, 
inclusive. 
Third figure.—Percentage of wind observations with Beaufort force 4 to 6, . 
inclusive. 
Fourth or bottom figure.—Percentage with Beaufort force 7 or over. ; 
*Less than 0.5 percent. 
4 
4 
49 
1 
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DISTRIBUTION OF WIND FORCES—Continued 









1 
et a 


SJ So COLOMBIA \ ) aes 
en : pe 


J 75° 
Cuart 11.— May. 





15° 






ge 


hei ee 


90° 85° 60° 


10° 10° 


Cuart 12.—July. 


[ 39] 


DISTRIBUTION OF WIND FORCES—Continued 
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DIRECTION OF MIDDLE CLOUD MOVEMENT 
Symbols shown on charts 15 and 16 


The most frequent direction taken by middle type clouds is indicated by the 


arrow 
Constancy: 

BU perceny-OF mire. 6s eee eT n 

Oreo Tete tess: 05. ee ee > 

auLeOeDy Dercenta: 2) eee eee | f > 


When two directions are nearly equal in frequency two arrows are shown 
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DIRECTION OF MIDDLE CLOUD MOVEMENT—Continued+ 


mois 





Cuarr 16. aa 


[ 42 ] 


FACTORS AFFECTING VISIBILITY 
Charts 17 to 21.—Explanation 


The percentage of observations with lower type clouds is recorded in whole 
numbers in the upper right corner of each 5° square. 

Top or upper figure—Percentage of observations with exceptional visibility 
is shown in whole numbers and tenths. 

Second or middle figure—Percentage of observations with haze. 

Third or lower figure.—Percentage of observations with fog. 

#Less than 0.5 percent. 


For example.—In February in the square 25° N. to 30° N. and 85° W. to 90° 
W., 56 percent of the observations showed lower type clouds, 110 percent 
showed exceptional visibility, 55{9 percent recorded haze and seven-tenths of 1 
percent recorded fog. 


90° 85° 80° 7 70° 65° 60° 
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FACTORS AFFECTING VISIBILITY—Continued 
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FACTORS AFFECTING VISIBILITY—Continued 
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FREQUENCY OF RAIN AND DRIZZLE—THUNDERSTORMS AND 
SQUALLS 


Charts 22 to 26.—Explanation. 


Top or upper figures.—Percentage of rain or drizzle. 
Second or middle figures.—Percentage of thunderstorms. 
Third or lower figures.— Percentage of squalls. 

#Less than one-twentieth of 1 percent. 


The values given are percentages, in whole numbers and tenths, of observations 
(1880-1933) which recorded these elements. 

For ecample.—In the 5° square 20° N. to 25° N. and 60° W. to 65° W. in the 
month of February, 2%o percent of all observations showed rain or drizzle, one- 
tenth of 1 percent recorded thunderstorms, and 4549 percent recorded squalls. 
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FREQUENCY OF RAIN AND DRIZZLE—THUNDERSTORMS AND 
SQUALLS—Continued 
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FREQUENCY OF RAIN AND DRIZZLE—THUNDERSTORMS AND 
SQUALLS—Continued 
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UPPER AIR WINDS 


The upper air wind data included in this summary are based on the 
pilot-balloon records made at nine different points in the area. A list 
of the observation stations is given in the following table: 


_— TABLE 2.—List of stations, period of record and number of daily observations 


_——_____. 




















; Number of 
Stations Period of record daily ob- 
servations 
Barranquilla. Colom bias sate he eee January 1934-November 1937._._._..__.._________. 1 
es Westy Fis, Sosr ccd nt oer ane July 1920-December 1936........................_. a2 
ae Jalialog SAM fo eae ee May 1925-December 1936__.._._................- 1 
- PANG 5 Ween coat’ ea eet oe oe November 1930-December 1936_..........2..------ 3 
MOWWa8. UDG 2... camden 5 uk el January 1934~November 1936..__...........-..-_-- Al 
Port-au-Prince, ERAIDN eet eee MATOR TUsG JUV 0s, te eco co ne eee a ey, 1 
Port-of-Spain, Trinidad -____.._.........| January 1934-December 1936......._.............. A2 
San Juan. Puerto Rico-......_........... June 1922-December 1936... .......-s2ac-2------0-- wv 
San Julian, Ouba i ee oy ie eae January 1934-November 1936_._..__._.____.______. Al 


a =3 observations daily for period 1931-36. 
A= Observations made on only 12 to 20 days each month. 
= During summer and autumn months only from 1922 to 1925, inclusive. 


It will be noted by reference to the above table that only relatively 
short records are available for Nuevitas and San Julian, Cuba, and 
Port-of-Spain, Trinidad. This fact should be borne in mind in con- 
sidering the data presented in the tables and charts which follow. 

As an examination of the monthly records indicated a distinct 
seasonal variation in the upper air wind records, especially over the 
northern part of the area, the summarized values are given for each 
of the four seasons: December, January, and F ebruary being con- 
sidered as winter; March, April, and May as spring; June, July, and 
August as summer; September, October, and November as autumn. 
Values are given for the levels: Surface, 1,600, 3,300, 6,600, 9,800, and 
13,100 feet above sea level for all stations except San Julian and Nue- 
vitas, Cuba; Port-of-Spain, Trinidad; and Barranquilla, Colombia. 
For the latter four stations, data were not available for exactly the 
same levels so it was necessary to use the following upper levels: 
2,000, 3,000, 6,000, 10,000, and 12,000 feet. 

Wind velocities are given in knots and directions to 16 compass 
points. Wind roses are shown graphically in the accompanying charts 
while resultant winds, average velocities, and the percentage frequencies 
of different velocities are shown in tabular form. 

Wind roses.—As the stations whose records are used herein lie 
between 10° and 26° north latitude, the so-called northeast trade 
winds are predominant in the lower levels over the entire area during 
all seasons. Over the northern part of the area, however, the ‘anti- 
trades’”’ or westerly winds prevail in the higher levels (above 6,000 
feet) during the winter and spring seasons. At Miami and Key 
West, Florida, moreover, westerly winds are also predominant above 
13,000 feet during the autumn season. During the summer season the 
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trade winds prevail over the entire area at all levels up to 13,000 feet. 
It appears that the average level of reversal from easterly to westerly 
prevailing winds increases in altitude towards the south. For ex- 
ample, this level, during the winter season, is found to be at about 4,500 
feet at Miami, Florida, and at 15,000 to 18,000 feet at Kingston, 
Jamaica, and San Juan, Puerto Rico. This reversal level also changes 
with the seasons, being lowest in late winter or early spring, and 
highest in late summer or early autumn. The prevailing directions 
of the trade winds at upper levels are, for the most part, between 
east-northeast and east-southeast, the chief variations from these 
directions being found either at the surface where at certain stations 
they are affected by land and sea breezes or near the “‘reversal”’ level. 
At Barranquilla, Colombia, the prevailing directions are southerly 
(i. e., between southeast and southwest) during the year as follows: 
Autumn, at all upper levels; summer, above 2,000 feet; winter and 
spring, at intermediate levels. Prevailing directions west of south 
(i. e., south-southwest and southwest) are confined to the 3,000- and 
6,000-foot levels during autumn and the 3,000-foot level during sum- 
mer. There is, in general, a seasonal shift in the prevailing directions 
toward the south from winter to summer and toward the north from 
summer to winter. The north and north-northeast winds at the 
surface which appear to prevail at Kingston, Jamaica, are apparently 
due to the fact that all the observations on which these records are 
based, were made at about 0730 local time when the land breeze is 
predominant. 

It will be noted, from the wind roses, that average wind velocities, 
at all the upper levels, are in general, highest from the prevailing direc- 
tions. Over the northwest portion of the area and at Barranquilla, 
Colombia, the highest average velocities occur during the winter 
season and the lowest during the summer season. Over most of the 
remainder of the area, however, the highest average velocities occur 
during the summer season with two periods of relatively low velocities 
occurring during the spring and autumn seasons, respectively. Except 
at Barranquilla, Colombia, the records are characterized by a rapid 
increase in wind velocity from the surface up to 1,500 or 2,000 feet, 
where, on the average, the maximum velocity is reached. It will be 
noted, however, that at Kingston, Jamaica, and Port-of-Spain, 
Trinidad, the maximum velocities occur at much higher altitudes, 
between 3,000 and 6,000 feet. This is believed to be due to the fact 
that both of these stations are located on the leeward side of their 
respective islands and that the mountain ranges to the north and east 
in both cases reduce the force of the trade winds in the lower levels. 
The average values, for the level of maximum velocities, vary at differ- 
ent stations from 13 to 17 knots during autumn, winter, and spring 
seasons, and from 11 to 20 knots during the summer season. Above 
the level of maximum velocity there is a gradual decrease in velocity 
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with height up to the reversal level where the antitrades or westerly 
winds become predominant. Then there is a second increase in ve- 
locity with height in the antitrades. At Barranquilla, Colombia, 
however, the average velocities are lower than at the other stations in 
the area at all upper levels. These velocities decrease with height 
above the surface up to 6,000 feet during winter, spring and summer 
and up to 10,000 feet during the autumn season and then increase 
with height above those levels up to at least 12,000 feet. 


[ 51 J 


SURFACE AND UPPER AIR WIND ROSES 
~ 90° | 85° 80° 75° 70° 65° 60° 


20° 





\_Y q) aoe 
90° Stoke 80° thee 70° 65° 60° 





Cuart 27.—Location of upper air stations. 
DESCRIPTION OF WIND ROSES—CHARTS 28 TO 36 


Charts 28 to 36 display roses of average winds in the upper air for specific levels, 
indicated by heights beneath the roses. All observations were taken at the same 
place and time. 

The arrows fly with the wind and their length, measured on the scale below, 
from the outside of the circle, gives the percentage of time the wind was observed 
to blow from or near the given point. The figures at the beginning of the arrows 
show the average speed in knots. In the center of the circle, the upper figures 
give the number of observations upon which the roses were constructed and the 
lower figures give the percentage of calms and winds of less than 1 knot. Where 
the percentage of frequency of the winds was less than 2 percent no arrow is 
shown. In some instances the full length of the arrow could not be shown and the 
line was therefore, broken and the total percentage given between the broken 
lines. 


Example.—Percentage of frequency; direction and average 


ee. speed: 2 from N, with an average speed of wind from that 
L/® direction of 8 knots; 2 from NN Ki., average speed 13 knots; 
CE q 2 12 from NE., 19 knots; 38 from ENE., 25 knots; 27 from E., 
. a 22 knots; 7 from ESE., 11 knots; 3 from SE., 9 knots; 3 from 


SSE., 9 knots; 575 observations ; percentage of calms U. 





SCALE OF WIND PERCENTAGES ~ 
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KEY WEST, FLORIDA 


Spring (Mar.-May.) Summer (June.-Aug,) Autumn (Sept.-Nov,) Winter (Dec.-Feb.) 


Surface 


S14 16 fig 


1,600 ft. 


12,1312 15 
12 


3,300 ft. 


6,600 ft. 


9,800 ft. 


13,100 ft. 
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1,600 ft. 


3,300 ft. 


6,600 ft. 


13,100 ft. 


Autumn (Sept-Nov) 


12, WI312 49 


12 9910 2 





NUEVITAS, CUBA 
Spring (Mar. May.) Summer (June.-Aug,) Autumn (Sept.-Nov,) inter (Dec. Feb) 





Surface 


2,000 ft. 


3,000 ft 








6,000 ft. 
§\9 
10 
Onan 
10 } 
10 1 
= 10 
10,000 ft. 
12,000 ft. 





[ 55 ] 


SAN JULIAN, CUBA 


Spring (Mar. May.) Summer (June.-Aug,) Autumn (Sept.-Nov,) Winter (Dec.-Feb,) 


Surface 


2,000 ft. 


3,000 ft. 


6,000 ft. 


10,000 ft. 


12,000 ft. 
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KINGSTON, JAMAICA 


Spring (Mar.-May.) Summer (June.-Aug.) Autumn (Sept -Nov.) 


Surface 


1,600 ft. 


6,600 ft. 


9,800 ft. 


13,100 ft. 
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Spring (Mar,-May.) 





PORT AU-PRINCE, HAITI 


Summer (June.-Aug.) Autumn (Sept.-Nov,) 


Surface 


8 = 16 
8 C3 68 ——_—~20 
7 pee 
™yt6 


1,600 ft. 


3,300 ft 


6,600 ft. 


9,800 ft. 


13,100 ft. 
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Winter (Dec.-Feb,) 








SAN JUAN, PUERTO RICO 


Spring (Mar.-May.) Summer (June.-Aug.) Autumn (Sept.-Nov:) Winter (Dec.-Feb.) 





Surface 


19 yI3 15 


18 leg 3 


1,600 ft. 








je 3? 
16 Nese 
3,300 ft. 
vA 16 
oe 38 ——<I8 
10 42 
LT iin * 
6,600 ft. 
Bis 
et 
- £ ., 1S 
9,800 ft. 





13,100 ft. 
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PORT-OF - SPAIN, TRINIDAD 


Spring (Mar.-May. Summer (June.-Aug.) Autumn (Sept.-Nov,) Winter (Dec.-Feb.) 


Surface 


2,000 ft. 


3,000 ft. 


6,000 ft. 


10,000 ft. 


42,000 ft. 
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' BARRANQUILLA, COLOMBIA 
Spring (Mar.-May,) Summer (June.-Aug,) Autumn (Sept.-Nov.) Winter (Dec.-Feb) 


Surface 


6,000 ft. 


10,000 ft. 





[ 61 ] 


Resultant winds.—Resultant winds are shown in table 3. In com- 
puting these data, each individual wind observation is considered as a 
vector quantity and all the observations involved are combined by 
adding these vectors to obtain the final value or vector which is 
recorded as the resultant wind. Resultant winds, therefore, when 
based on a sufficient number of frequent observations, represent the 
mass movement of the atmosphere for the area and level involved. 


TABLE 3.—Resultant winds 
[Directions in degrees from North (N.=360°, E.=90°, S.=180°, etc.). Velocities in knots 
WINTER 





Surface 1,600 feet 3,300 feet 6,600 feet 9,800 feet 13,100 feet 


a tn | ce | ee PY | ee 





















































Station She 12 |e | 8) eB) Bo ee ee 
=) iC 4 . & o & iC A= oO = © 
a) > A > Q > Q > A > Q > 
StL. Fabsccncnactexaecs S41) 22) 102) 40, 194) 27) 967) 4:79:15 2734 SO eee 
ROY Wests £i8..¢.9225 2.44 66 4.3 93 7.9 118 5.8 216 a3 259 5.6 263 9.9 
Kingston, Jamaica_-_-_-_-_- 19} 388] 114] 3.3 98; 9.0 97 | 10.9 92] 8.6 84 6.7 
Port-au-Prince, Haiti-_-_-_- 92) 1.7 87 | 12.8 87 | 11.4 85 | 10.5 85 | 9.9 76 9,1 
San Juan, Puerto Rico....| 81] 6.7 83 | 14.6 85 | 14.0 83 | 10.8 79 | 7.4 58 3.6 
Surface 2,000 feet 3,000 feet 6,000 feet 10,000 feet | 12,000 feet 
pan Julian, Cuba....u.c- 74] 3.6 74'| 7,6 72 | 6. 7} BB7 |) 0.9) }) S041 Seri “Sa 4,3 
INUEV bas). © UDA.2. 2 oss o 60 4.9 40°) 121 COT LOT 82 one 139 .9 246 2.6 
Port-of-Spain, Trinidad-__ 97 Let 82 | 10.1 83 | 12.8 ‘89 | 11.7 90 5.9 | - 64 6.0 
Barranquilla, Colombia_..| 64 | 10.1 dee} RS TWO} 2.9). 140] 2 108 fk eee 3.5 
SPRING 
Surface 1,600 feet 3,300 feet 6,600 feet 9,800 feet 13,100 feet 
MARYS sc Al arena 14 | 8.8) T+ 6.2 | 240-1 3.89 265 | 45} 260 FB OTR aes 
Key West, Fla_- ee Ge 96 3. 5 iat 6, 2 135 4.5 223 3.3 261 5. 0 280 8.7 
Kingston, Jamaica.______- ak 3.1 116 6.3 108 | 12.0 105 | 10.5 108 5.5 102 10. 4 
Port-au-Prince, Haiti-__._- a2 1.6 93 9.7 94 9.1 89 6.8 103 4.3 215 nd 
San Juan, Puerto Rico.._-| 94] 6.1 99 |} 13.4 | 106/124; 103] 7.7] 105| 3.5] 218 a 
Surface 2,000 feet 3,000 feet 6,000 feet 10,000 feet | 12,000 feet 
San Julian, Cuba......--- 00) 25) 107 | 037) 18)1-7.81 142) 4417 159] O74 976 | 
Nuevitas, Cuba_.......--- 79 | 6.2 85 | 9.8 Olt F.7-}. 122.) 3.31 3184 | S27) “988 4.0 
Port-au-Spain, Trinidad..| 121] 2.4]; 91]121] 94/136] 100/11.7] 98] 7.8] 901 8.0 
Barranquilla, Colombia-_- 68 | 7.4 78 | 4.2) 146) 2.8} 160] 2.4 | 137] 3:8] 193 6.0 
SUMMER 
Surface 1,600 feet 3,300 feet 6,600 feet 9,800 feet 13,100 feet 
vl aint, F ih coae yaw sans abn 108 | 3.9; 124] 7.4] 129] 6.21 124{| 411 141 | 3.5] 184 3.1 
Key West, Fla...--.------ 124|. 4.5) 118] 7.24 118 $06.6) 193}, 6.0 |):334°) 9.84 144 2.7 
Kingston, Jamaica...-.-.- 25} 2.9) 112) 85] 103 | 17.0] 106)18.5 | 105} 13.3 99 | 10.5 
Port-au-Prince, Haiti... - 86} 3.1 93 | 15.6 95 | 15.1) 101] 11.4 | 104 | 10.7 97 9.5 
San Juan, Puerto Rico....| 951} 7.0 98 | 16.6] 104) 17.4] 102} 15.3 | 104]12.0] 102 8.2 
Surface 2,000 feet 3,000 feet 6,000 feet | 10,000 feet | 12,000 feet 
San Julian, Cuba._._..--- O47 4,8 7) 113) 16.2 | DIP e Or 7) 210) TO 1 6 Persie 5,2 
Nuevitas, Cuba...-.--...- 89 | 6.0 89 | 11.9 $1} 11.6] 105} 81] 125] 6.41] 185 4.6 
Port-of-Spain, Trinidad..._ 111} 0.9 97 | 10.8 97 | 13.1} 100 | 15.1 98 | 14.2 96 | 12.3 
Barranquilla, Colombia...| 79 | 4.0] 135] 3.7]; 100] 3.8] 158| 2.1] 131! 4.0] 199 6.5 
nec eee Sp SSS, 





TABLE 3.—Resultant winds—Continued 


AUTUMN 


ST Bee es oat Bee el ee Sr ee 


Surface 1,600 feet 3,300 feet 6,600 feet 9,800 feet | 13,100 feet 


ES 






































Station a = a g a a 
3 4 s s 3 oO [>] Q oO o oOo oO 
i=) oD ° o o Oo o 
Ls es) Le i) A= nn) oat a | > He ct) 
A > A > a > Q > A > A > 
Surface 1,600 feet 3,300 feet 6,600 feet 9,800 feet 13,100 feet 
Milani, Sle. c2s. 2-5 ncs 64 | 4.7 76 | :9,3 78 | 8.0 69 | 3.1 | 338] 1.0 | 292 2.7 
Key West......-.-.------ 67 4.9 76 9.9 86 8.2 93 3.9 95 1.2 272 2 
Kingston, Jamaica--.----- 19 | 3.4| 116] 4.4] 104| 10.4] 104 | 11.5 100 | 8.0 88 Tok 
Port-au-Prince, Haiti----- 90 | 2.1 90 | 11.5 02.) .9..9 07.) 6.2) 406-1) 6.8 94 4.7 
San Juan, Puerto Rico...-| 105 | 4.2 97 | 12.0| 100} 11.8} 100] 89] 104 6.1 sabe 3.3 
Surface 2,000 feet 3,000 feet 6,000 feet 10,000 feet | 12,000 feet 
San Julian, Cuba. 2.<2222- 1 es Bie Sa 84 | 11.3 88 | 9.2 89 | 5.0 86 | 3.9 84 3.4 
Nuevitas, Cuba-_----.-.--- 77 | 4.9 74 | 10.7 75 | 9.6 91 | 6.1| 106| 4.9 | 112 4,8 
Port-of-Spain, Trinidad -__- 130 | 2.0| 106| 10.6 | 107 | 12.2 107 |} 10.2 | 101} 9.1} 101 8.0 
Barranquilla, Colombia_..| 112 | 1.9 icc} OR TTT PP 9 |) 201) 8.2.1 126 3.5 | 145 5.0 


It will be noted that in general, the directions and velocities of the 
resultant winds agree closely with those of the prevailing winds as 
shown in the wind roses. The resultant directions are from the east 
or east-northeast at all stations during the winter season and east or 
east-southeast during the other seasons, except near and above the 
“reversal” level or in the lower levels where affected by topography, 
land and sea breezes. At Barranquilla, Colombia, however, the re- 
sultant winds are from the southeast quadrant during all seasons and 
at all levels except during the winter and spring at the surface and 
2,000 feet, when they are from the east-northeast. At 3,000 feet 
during summer and at 6,000 feet during autumn, moreover, the re- 
sultant winds are from directions somewhat west of south. The 
decrease in wind velocity at the reversal level is brought out especially 
well by the resultant data. Examples thereof may be noted at San 
Julian, Cuba, at 6,000 feet during the winter season and at 10,000 
feet during the spring season. 

Velocity frequencies.—In table 4, the percentage frequency of the 
occurrence of different wind velocities and the average velocities for 
each direction and level are shown for each station by seasons. It 
will be noted that light winds of 3 knots or less occur most frequently 
near the surface at all stations, except at Key West where there is little 
variation in frequency between the different levels and where such 
light velocities are on the whole, rather infrequent. At Port-of- 
Spain, Trinidad, the frequency of surface winds of 3 knots or less for 
the four seasons amounts to between 61 and 74 percent. Wind 
velocities falling in the next group (4-14 knots) are in general more 
trequently recorded at all stations than are the velocities falling in 
any of the other groups. Such velocities are usually more frequent 
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near the surface and above 10,000 feet and somewhat less frequent 
at the intermediate levels. Winds in the next velocity group (15-28 
knots) occur most frequently at levels between 1,500 and 6,000 feet. 
Velocities of 29 to 41 knots are recorded rather infrequently; usually 
on less than 5 percent of the observations during all seasons and at 
all levels. In the last group (over 41 knots) the frequency of occur- 
rence is less than 2 percent at all stations and all levels except at 
Miami where, during the winter season at 13,000 feet (where the 
“antitrades”’ are predominant) it amounts to 4 percent. 
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WINDS AND WEATHER OF INDIVIDUAL ISLANDS AND THE NORTH 
COAST OF SOUTH AMERICA 





Bermuda.—The average temperature of the Bermudas is somewhat 
lower and the annual range somewhat greater than that of the islands 
of the Bahama and Antilles groups. The mean monthly temperatures 
range from 80° in August to 63° in February, or about 17° as compared 
with annual ranges of 10° at Habana, Cuba, and 5° at Bridgetown, 
Barbados. 

In winter the night temperatures as an average fall a little below 
60° with an occasional extreme low temperature between 40° and 50°. 
On the whole the weather in winter is mild and agreeable. 

The warm season begins in June with day temperatures usually 
rising to about 80°. From July to October the temperature is 
occasionally above 90°, but frequently falls to about 70° or slightly 
below. The humidity is as a rule relatively high, with the mean for 
the day between 70 and 80 percent. Hence the weather is at times 
sultry and oppressive. 

The average rainfall is nearly 58 inches, well distributed throughout 
the year. October has been the wettest month as an average, with 
about 6 inches. April, with about 4 inches, is driest. Dry weather, 
sometimes persisting for periods of two to five months, has occurred 
at all seasons but rather rarely in autumn. 

The Bermudas are situated near the western extremity of the 
Azores “high”? where the winds are mostly from the southwest. 
Northwesterly to northeasterly winds are also common in winter and 
southerly and southeasterly winds in summer. The average velocity 
‘3 about 12 knots in late autumn, winter, and early spring with extreme 
wind velocities of 40 to 60 knots. During the warmer season winds 
exceeding 28 to 30 knots are rare except in connection with tropical 
storms. 

Many hurricanes pass over the neighboring waters. About one a 
year, as an average, passes near enough to affect wind and weather 
conditions in the Bermudas. It is seldom that the center crosses the 
islands or moves near enough to be destructive. The hurricane of 
September 21, 1922, was one of the most severe in recent years; on 

that occasion the barometer fell to 28.57 inches and the highest wind 
was 86 knots. 

During late autumn, winter, and spring extra-tropical disturbances 
pass eastward or northeastward near to or to the westward of Bermuda; 
heavy squalls sometimes attend these disturbances, chiefly with shifts 
of wind to westerly or northerly with the passage of cold fronts. 

Florida Keys and Straits.—East winds prevail, except in late 
autumn and winter when northeast winds predominate. The winds 
are less dependable than in the West Indies. There is considerable 
frequency of northerly and southeasterly winds, the former occurring 
chiefly in the cooler months, the latter in summer. Temperatures are 
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consequently high, except occasionally when northers occur, during 
the period from late autumn to early spring. Heavy northers reach 
the Straits when a strong cyclone is off the east coast of Florida, 
Georgia, or South Carolina and intense anticyclonic conditions occur 
in the Southern Plains and West Gulf States and extend eastward. 
A pressure gradient amounting to an inch of mercury, or more, between 
the centers of the cyclone and anticyclone, is usually necessary to 
produce strong northerly winds in the Straits. 

Southeasterly gales occur at intervals in winter as cyclonic storms 
approach from the west or northwest. The shift of wind is nearly 
always from east to south and to west as the center of the depression 
passes. Northerly winds follow when there is sufficient anticyclonic 
development in the rear of the cyclone. 

With the exception of these features of winter, there is little change 
in the weather at any season unless a tropical storm approaches. 

Hurricanes of July, August, and early September nearly always 
come from the eastward or southeastward. Later in September and 
in October and November a hurricane occasionally comes from the 
western Caribbean on a northerly to northeasterly course. Some of 
these storms have been very severe. Particularly violent storms 
occurred in September of 1919 and 1935. Path of the “Labor Day 
storm” of 1935 is shown in figure 7 on page 31. 

Bahamas.—The climate of the Bahama Islands is subtropical. In 
the southeastern part of the group the Atlantic high-pressure belt to 
the north and east is the dominating influence. In the northwestern 
islands, the anticyclonic influence from the North American continent 
is felt in winter. 

The weather records of Nassau are typical of the northwestern 
region, and Grand Turk records are representative of the southeastern 
region. 

The mean annual temperature in the northwest is slightly lower 
and the annual range slightly greater than in the southeast; 77° and 
11° at Nassau and 79° and 9° at Grand Turk, respectively. During 
the warm season, June to October, the temperatures are about the 
same throughout the group, with day temperatures reaching 85° to 
89° and night temperatures between 75° and 80°. The temperature 
occasionally rises above 90° but has never been above 94° in the 
period of record. The relative humidity is 70 to 75 percent. 

In winter the northwestern group of islands is somewhat cooler 
than the southeastern group. The coolest month (January) averages 
71° at Nassau and 75° at Grand Turk (February). 

In the southeastern group the temperature has risen to 90° or above 
in all months except February and March. The lowest winter tem- 
perature of record was 51° at Nassau and 60° at Grand Turk. Rela- 
tive humidity is slightly higher in winter. 
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In the southeastern group, the prevailing wind is easterly through- 
out the year. It is slightly south of east in summer. In the north- 
western group the winds are chiefly east and southeast in the warm 
season and northeast and east in cooler months. 

Rainfall is plentiful at all seasons, as a rule, although there is on 
the average less rain in winter and early spring than during the re- 
mainder of the year. December is the driest month at Nassau with 
1.40 inches and March is driest at Grand Turk with 1.11 inches. 
The wettest months are September at Nassau (7.54 inches) and 
November at Grand Turk (4.51 inches), 

The Bahamas lie in the paths of hurricanes that come from the 
western Caribbean as well as the Atlantic. The latter approach 
from the east usually in August or September. They occasionally 
pass north of the Antilles on a west-northwestward course in which 
case they are quite likely to pass over some of the Bahamas Islands. 
Occasionally toward the end of September, more often in October, 
and sometimes in November, the hurricanes of the western Caribbean 
move to the northward, then northeastward and cross Cuba or the 
eastern Gulf and extreme southern Florida. On that course they 
pass through the Bahamas. An example of the Atlantic hurricanes 
in the Bahamas is that of September 1932. It was of great destruc- 
tive force at Green Turtle Cay near the point of recurve. The 
hurricane of October 1926 came from the western Caribbean, and 
was violent in the Bahamas. The paths of these two hurricanes are 
shown in figure 7 on page 31. 

Cuba.—The island of Cuba lies wholly within the tropics. Al- 
though it is under the influence of the anticyclonic weather of North 
America at times during the winter season, the lowest temperatures 
of record range from about 50° on the north coast to about 55° in 
places on the southern coast. In the interior and at higher elevations 
the temperature has been a few degrees lower. These low tempera- 
tures accompany north winds or “Jos nortes,”’ which blow from well- 
developed anticyclones and cold weather over the United States. 

In the warm season the highest temperatures of the day at Cuban 
stations range from about 86° to 90° with lowest temperatures at 
night usually between 70° and 75°. The humidity is about 75 
percent of saturation, as an approximate 24-hour average, ranging 
from about 85 to 90 percent at sunrise and from approximately 60 
to 65 percent at the warmest time of day. 

The prevailing winds are from the northeast and east in late autumn, 
winter, and early spring and east to southeast during the remainder 
of the year, although there is much local variation. Southerly winds 
are not uncommon in spring and summer along the south coast. 

The winds are somewhat stronger in the cooler months. At Habana 
and Cienfuegos the wind averages about 6 to 8 knots in winter and 
spring months and 4 to 6 knots in summer and autumn. There are 
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pronounced daily variations which depend upon local conditions. 
At Habana the wind at 1400 averages 11.4 knots and at 0400, 4.3 
knots. : 

These seasonal variations of the prevailing winds are partially 
responsible for the rather marked differences in distribution of rain- 
fall over the island in winter and summer. For the island as a whole, 
late autumn, winter, and early spring months are relatively dry. 
During the warmer months rainfall is abundant and dependable in 
nearly all parts of the island. The southern portion of the western 
end of Cuba shows the most pronounced variation with average 
amounts from 6 to 11 inches in the warm season and from 1 to 2 
inches in late autumn, winter, and early spring. In the northern 
portion of extreme eastern Cuba, the seasonal variation is nearly 
the reverse. 

Fog is uncommon, being recorded only about 1 to 2 days a month 
in late winter and early spring and rarely during other months. 

Many of the hurricanes of the West Indies pass near enough to 
Cuba to affect the weather; the majority cause rain without any 
serious wind damage. ‘The western portion of the island lies in the 
normal path of late September and October hurricanes that originate 
in the western Caribbean Sea. 

Hurricanes approaching from the Atlantic usually pass to the 
south or north of but not directly across Cuba, probably because of 
the fact that storms on a westward course do not readily cross the 
‘sland of Haiti without losing considerable energy. Near the end 
of August or during the first half of September an occasional hurri- 
cane moves westward through the southern Bahamas and turns 
southwestward along the north coast of Cuba, maintaining marked 
intensity. The hurricane of September 1888 is an outstanding 
example. 

The climate of the Isla de Pinos does not differ much from that 
of the southern coast of western Cuba. However, this island and 
the extreme western tip of Cuba have been devastated by hurricanes 
moving on a westerly course, south of Cuba toward the Yucatan 
Channel. 

Jamaica.—The climate of Jamaica, especially in respect to tempera- 
ture, rainfall, and local winds, is considerably influenced by topog- 
raphy. Although the island 1s relatively small, it has much elevated 
land which rises gradually from all sides. The highest peak is in 
the Blue Mountains in eastern Jamaica; elevation 7,360 feet. 

At sea level the mean annual temperature, as represented by the 
records at Kingston, Morant Point, and Negril Point, is about 79°. 
The coolest month is February, 76°, and the warmest August, 82°. 
The temperature has been above 90° in all months although such 
temperatures are uncommon in winter and early spring. The high- 
est temperature of record at Kingston was 97° in August. 
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In winter the temperature does not frequently fall as low as 65°. 
The usual low temperature at night in summer is between 70° and 
76°. At Kingston the lowest of record was 57° in each of the winter 
months. | 

The humidity is high. At Kingston, the average for the year is 
about 75 percent of saturation. It ranges between 75 and 80 per- 
cent in autumn and early winter. Combined with the high tem- 
peratures, this condition is oppressive when wind movement is light. 

At higher elevations it is much cooler. At Hill Gardens (about 
5,000 feet elevation) the mean annual temperature is 62°. 

Jamaica lies in an area where the prevailing winds (trades) are 
northeast to east throughout the year, but with a considerable fre- 
quency of southeast winds in summer and autumn. Along the 
shores of the island there are distinct diurnal variations. At Kings- 
ton the winds are about equally divided between southeasterly and 
north-northeasterly. The wind is strongest in early afternoon, 6 to 8 
knots, and weakest just before sunrise, about 2 knots. 

Rainfall is relatively light in the lee of the mountains but abundant 
elsewhere. On the windward slopes of the mountains rains are fre- 
quently heavy to torrential. The winter and early spring months, 
as a rule, have less rain. There is diminished rain in midsummer. 
Wet periods come in May or June and again in autumn. Some 
heavy rains of the latter season accompany tropical storms. 

West Indian hurricanes pass in the vicinity of Jamaica on the 
average about once in 2 years but the majority cause little more than 
heavy rain and fresh to strong winds. An occasional hurricane from 
the Atlantic, on a westward course, is destructive there. The island 
lies a little to the eastward of the most frequented paths of western 
Caribbean storms. The great hurricane of November 1912 moved 
slowly and was very destructive. The path of this hurricane is 
shown in figure 7 on page 31. 

Hispaniola.—The island is of sufficient size to modify the tropical 
marine climate normal in that part of the West Indies. The range of 
temperatures is increased and the amount of rainfall is greatly affected 
by the topography of the island. 

The trade winds bring to the north coast more nearly typical marine 
weather conditions than to the southern and western shores. How- 
ever, warm and humid weather prevails in all low areas throughout 
the year except during occasional periods from December to March 
when northerly winds bring somewhat lower temperatures. 

Rainfall is quite irregularly distributed, owing to topographical 
effects. The driest localities receive only 20 to 25 inches of rainfall 
annually. At most places on the coast the annual amounts are about 
50 to 60 inches. In general the period December to March constitutes 
the season of lighter rainfall although there is diminished rainfall on 
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the north coast in midsummer and heavy rainfall there in winter. 
Elsewhere, late spring and autumn are the wet periods. 

Easterly winds prevail with the usual diurnal effects in most local- 
ities. On the west coast westerly winds are fairly common and on 
the south coast there are southeasterly winds. Thunderstorms occur 
frequently from June to October especially in the western portion. 
At Port-au-Prince, there are thunderstorms on about half the days 
during those months. | 

Tropical storms frequently pass near the island on a westerly or 
northwesterly course. Hence the western part of the island is seldom 
devastated. The “hairpin” hurricane of October 1935 (see fig. 7 on 
p. 31) moving on an abnormal course, caused much loss of life in 
extreme southwestern Haiti. Danger is greater on the southern 
coast of the Dominican Republic. A number of disastrous storms 
have been recorded in the vicinity of Ciudad Trujillo; one of the most 
severe in the history of the West Indies was the hurricane at Ciudad 
Trujillo on September 3, 1930. (See fig. 7 on p. 31). 

Hurricanes passing to the southward at sufficient distance to cause 
only light to fresh winds on the south coast, may produce very heavy 
seas known locally as ‘mar desbordada” in the harbor at Ciudad 
Trujillo. These seas appear with little warning and are dangerous to 
shipping. Their arrival is sometimes presaged by the change of wind 
from north-northwest to north-northeast with barometer below normal 
and stationary or falling slowly. This indicates the passage of a 
tropical disturbance on a westerly course at some distance south of 
the island. 

Puerto Rico.—The climate of Puerto Rico is strictly tropical marine 
except as it is slightly modified by lower temperatures at higher 
elevations. On the coastal plains, the daily and annual ranges of 
temperature are small. The average annual temperature is 78° and 
relative humidity 78 percent of saturation. In localities protected 
from the prevailing winds these temperatures and humidities are 
decidedly uncomfortable. The highest and lowest temperatures ever 
recorded are 101° at Arecibo and 51° at Mayaguez. 

Rainfall is abundant but is much influenced by topography. An- 
nual amounts as an average vary from about 35 to 95 inches depending 
upon location. As a rule rainfall is greatest in October or November 
and leastin February. The lee slopes of some of the mountains are arid. 

The prevailing winds (trades) are between east and southeast. 
There are relatively small variations with the season and the hour of 
the day. During the day on the north coast the wind is predominantly 
from the east throughout the year. During winter months northeast 
winds are sometimes frequent, even to the extent of becoming the 
dominant winds in some months. Southeast winds prevail at night the 
remainder of the year. On the south coast there is some diurnal 
variation tending toward northeast at night and southeast by day. 
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The trade wind at San Juan varies from an average of about 7 to 8 
knots in October, to about 11 to 12 knotsin July. The diurnal varia- 
tion is well-marked, being about 5 knots at sunrise and about 14 to 
15 knots at 1400. East winds are strongest throughout the year and 
southwest winds lightest. 

High winds are rare except in connection with tropical disturbances 
of cyclonic nature. 

The trades at San Juan are deepest in August—about 30,000 feet— 
and shallowest in April or May—about 12,000 feet. 

Hurricanes of the western Caribbean seldom affect Puerto Rico. 
Nearly all of its severe storms have come from the Atlantic in August 
or September. Sixty percent of tropical storms passing near Puerto 
Rico are more beneficial than harmful owing to rainfall attending 
them. Of the 64 hurricanes recorded there from 1515 to 1929, a 
relatively few have been devastating over wide areas. Others have 
caused destruction and loss of life in restricted localities. Excep- 
tionally severe hurricanes crossed the island in 1899 and 1928. Tracks 
of their centers are shown in figure 7 on page 31. 

Virgin Islands.—The climate of the Virgin Islands does not differ 
much from that of Puerto Rico. They are slightly warmer. The 
prevailing winds are easterly throughout the year. Hurricanes are 
occasionally destructive there; they come from the Atlantic, chiefly 
in August and September. Most of the severe storms in Puerto Rico 
have affected the Virgin Islands also. 

Lesser Antilles.—The eastern group of small islands southward to, 
and including Dominica, are usually designated as the Leeward 
Islands. Temperatures there are somewhat higher than on the larger 
islands to the westward. The mean annual temperature at sea level 
is about 79° and the range between the warmest and coldest months 
is only about 5° or 6°. At higher elevations in some of the islands it 
is 4° or 5° cooler throughout the year. 

The rainfall depends largely upon elevation and exposure to the 
prevailing moisture-bearing winds. Annual amounts vary from 40 
inches to more than 150 inches. In general the heaviest rains occur 
in summer and autumn. 

In these islands the trades are quite steady from an easterly direc- 
tion, being slightly more to the south of east near the equinoxes and a 
little north of east in winter and midsummer. 

Gales rarely occur except in connection with tropical cyclones, 
practically all of which approach the islands from the east or southeast. 
A change of the wind to north or northwest with falling barometer in 
the period from July to October is indicative of a tropical storm to the 
eastward. 

In the Windward Islands the temperature, wind and rainfall condi- 
tions are closely parallel to those of the islands to the northwest. At 
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Barbados, the most easterly island, the annual range in temperature, 
from the warmest to the coldest months is about 5°. Destructive 
hurricanes occasionally cross these islands. Paths of historic examples 
of 1780 and 1831 are shown in figure 7 on page 31. 

Trinidad.—On the island of Trinidad the climate is quite similar 
to that of the islands to the northward, except that the area of Trini- 
dad is larger, resulting in somewhat greater ranges of temperature. 
Rainfall averages 60 inches or less annually on the west coast, increas- 
ing toward the elevated lands of the east and northeast where the 
annual averages are above 120 inches. The rain comes in the form 
of convectional showers, usually heavy and of short duration with 
thunder and lightning. Thunderstorms form chiefly in the heavy 
rain belt and move westward, diminishing in violence. The rainy 
season extends from June to December. Humidity is very high, 
about 80 percent for the year, with readings as high as 96 percent in 
early morning in October. 

Owing to the relatively brief duration of the heavy convectional 
showers, the weather is mostly fair and hot. , 
The prevailing winds (trades) are almost due east. There is a 
pronounced diurnal variation in wind movement. It averages about 
6 to 7 knots, but rises above 20 knots on more than three-fourths of 
the days in the eastern portion of the island. Occasionally land breezes 

replace the trades at night on the eastern coasts. 

Hurricanes seldom occur as far southward as Trinidad. The 
hurricane of June 28, 1933, was the only one in 50 years of record to 
pass south of Trinidad and over the northeastern corner of Venezuela. 
In the island there were 13 deaths, 1,000 persons injured and property 
was damaged to the extent of $3,000,000. 

Dutch West Indies.—As an average for the year, the temperature 
of the Dutch West Indies, near sea level, is the highest in the West 
Indian region. At Willemstad the annual mean is 81°. This high 
mean is due chiefly to the high minimum temperature of 76° for the 
year, as compared with 73° at Bridgetown, Barbados, and 72° at Port- 
of-Spain, Trinidad. 

Rainfall is light, the annual average for the Dutch West Indies 
being only about 22 inches. This is 40 to 50 inches less than in many 
of the islands to the east and northeast. This deficiency, as compared 
with the Lesser Antilles, occurs chiefly in the hurricane season. 
Cyclonic disturbances seldom move over, or to the south of, the Dutch 
West Indies, whereas they occasionally cross the Lesser Antilles 
accompanied by torrential rains. While they are not frequent, the 
amounts of rainfall, even in slight disturbances, are sometimes large 
enough to affect the averages to a marked degree. In addition, the 
water surface temperatures in the vicinity of the Dutch West Indies 
are slightly lower in summer than in adjacent portions of the Carib- 
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bean Sea to the northward and northeastward. However, these 
factors are insufficient to account fully for the light rainfall as the 
amounts are less at all seasons than in the Lesser Antilles. 

Over the southern half of the Caribbean Sea the average wind force 
is higher than in areas to the northward and eastward. In winter the 
prevailing wind is northeast and east-northeast; in other months the 
wind blows with considerable constancy from the east. 

For the year as a whole the highest average wind movement in the 
Caribbean Sea is found in the vicinity of the Dutch West Indies and 
to the north and northwest of the Gulf of Venezuela. The strength 
of the wind is greatest in June and July and least in October and 
November. 

Only one hurricane is known to have been destructive in the Dutch 
West Indies. Records indicate that the storm of September 23, 1877, 
passed to the southward of Curacao, moving from southeast to 
northwest. Many houses in Willemstad were totally or partially 
destroyed, both by the force of the wind and the heavy seas which 
came into the town. This is the only record of a fully developed 
tropical storm passing to the southward of Curacao. 

North coast of Venezuela and Columbia.—On this coast the trade 
wind prevails throughout the year. Its direction is easterly along the 
Venezuela coast but tends more toward the north and northeast as it 
reaches the Caribbean coast of Colombia. Strong winds extend from 
the Caribbean Sea to 5 or 10 miles off the coast where they are weaker, 
especially at night. F 

Along the immediate coast the mean annual temperature is 81° 
to 83°. The humidity is high (76 percent) and when the wind move- 
ment is light, it is quite oppressive. The hottest period is in August 
and September, mean 83° to 84°. In the elevated regions, which are 
very near the coast, it is cooler. For example, at La Guaira, on the 
coast, the annual mean is 81° while at Caracas, elevation 3,420 feet, 
it is 67°. 

Rainfall is light on the coast of Venezuela, which is remarkable 
considering the persistent trade winds and their high moisture content. 
The annual average is about 20 inches; La Guaira (1920-25) averaged 
only slightly more than 11 inches. To the westward rainfall increases; 
on the Caribbean coast of Colombia it averages 40 to 50 inches in the 
year. 

Except in very rare cases the hurricanes which cross the Caribbean 
Sea to the northward do not seriously affect these coasts. The hur- 
ricane at the end of June 1933 passed over the Gulf of Paria and the 
northeastern tip of Venezuela, attended by destructive winds. 
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Meteorological tables—Continued 


{Station: Barranquilla, Colombia. Position: Lat. 10°58’ N., Long. 74°47’ W.] 


Pe se ee ee ean 





Rain Wind Number of days with— 











Month Aver- | Num-| Mean hel bie a Culing| Visi- Thun 
age |berof| veloc- | veloe ‘nots below | bility | Dense | “ger. 
amount| rainy ity ity te ; 1,000 | 1 mile fog storms 
‘ (inches)| days | (Knots) (knots) higher feet | or less 
IGHUMPY 205s ...- 0 0 12.0 30. 4 BP 0 0 0 0 
February. .....----- .02| (1) 11.3 33. 0 4.0 0 0 0 0 
SERCH a --3---- 0 0| 12.8] 33.0 6.2 0 0 0 0 
pe . 43 1 9.6 26. 0 1.2 0 0 0 0 
DS eles oa om <2 2. 67 5 6.5 | ( 3.0 0 0 0 4,2 
Pi Ea a ae 5.16 8 5.6 30. 4 4.5 va Py .2 7.2 
yy ae SS a 1.90 6 7.4 2) 1.8 0 oa 2 2.8 
fb tee Ce ee 6. 12 7 6.5 (2) 2.0 0 0 0 5.0 
September--..------ Si f2 11 5.6 (?) 2.5 0 0 0 7.8 
DROnCL.. . aene ean 9. 43 12 5.2 (2) 3.0 .2 ae 5 7.5 
INoVember. = ..<-- -» 4. 39 6 7.6 26. 0 12 5 .8 .8 2.0 
December-.---------- oy 5 10. 2 (2) 3.8 0 0 0 0 
WEGGH eee eo se 2.0. | ee ee i ef A hee a a ee ee aes Beer er reee Peer red Coe. 
Jos) «| ae a 36. 11 0 a eet Fo RR eee Ee Se 38. 4 9 lets 1.7 36.5 
Matreiie..- |b eee eels cewealgessence etal eo Ge HS ea ey eee eee (Con aba ae 
Number of years’ 
observations . __--- 11 4 
wo ES a eee eal 
1 Less than }4-day. 2 Less than 26 knots. 


Station: Cartagena, Colombia. Position: Lat. 10°26’ N., Long. 75°33’ W. Altitude: 16 feet] 


ee ee 








November 


January 
February 


Average monthly precipitation 
(12 years, 1892-1903) - -.-------- 0| 0.01| 0.07] 0.55] 3.39] 5.06] 2.80) 4.96) 5.20) 8.78) 4. 46 0. 36/35. 64 
Average number of days with 
rain (12 years, 1892-1903) - - ---- 0) @) | @) 1 6 7 5 8 7 9 5 1| 49 


ee ee 


1 Less than 0.5 day. 
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Meteorological tables—Continued 


{Station: Turbo Colombia. Position: Lat. 8°05’ N., Long. 76°46’ W.] 





Rain Wind Number of days with— 


es ee! ee 





Percent- . » 
age of 


Maxi- | °>S*- | wind | Ceiling| Visi- 


Month Aver- | Num-| Mean vations of 22 


mum less bility Thun- 
oat per os La se veloc- he knots| than | less Bs, der- 
rami teeerrs Ue-met & y. i pre or 1,000 | than storms 


(inches)| days | (knots) iat A ing | over | feet | 1 mile 




















wind 
diree 
tion 
JODUSEY. 2 oa. 8 0. 05 1 7.4 (!) NNW. 0 2.0 0 0 0 
February--._..___-- 2. 48 1 9.1 (‘) NNW. 3.5 0 0 0 0 
IVTOIS. 3 Se ee 0 0 7.8 (1) N. 16. 0 3.0 0 0 0 
ha” | A tn AIR PME 3.17 4 7.0 (1) NNW. 1.0 5.0 5 Ws) 0 
WEAV = eke ee ee 15. 23 20 5.6 (1) SW 0 7.0 0 0 Zo 
Mf See Sh ee 7. 58 10 7.4 (1) SSW 0 4.0 0 0 a) 
DT pe OE eee aes 9.17 8 5. 6 (4) SSW 1.0 5.0 0 0 0 
AUN oo oe cote 9, 52 10 6.1 (1) SSW 1.5 4.5 0 0 -5 
September. --___.__- 8. 56 10 6.1 26.0 s 3.5 4.5 a5 0 2.0 
October 2. 7.10 6 7.4 30. 4 SW 3.0 5.0 0 0 5 
November-_..___.--- 12. 84 12 5D (1) 6 5.0 0 0 0 
December.-.-.....--- 5. 62 5 9.1 (1) NNW 2.0 5.0 0 0 0 
IMECaTi HA STE at ee | re eee YO || ee CRN I el RE 
Tea 81.32 87. eee sO See See 33. 0 50. 0 1.0 5 4.0 
Bextreme oe eet ee | ee 30.4 boeccecse- eee ee [Sn ek eee 
Number of years’ 
observations. -___._- 2 
1 Less than 26 knots. 
a 
é 
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CHart 37.—Ocean areas for surface meteorologital tables. The number in 
each 5° square is the number of the table for that area, 
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